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ABSTRACT. A r t i f i c i a l  changes of leucocyte  count i n  
t h e  blood are examined i n  ex tens ive  experiments with 
r a b b i t s .  Some of t h e  o lde r  (19th century) t heo r i e s  
regarding l e u c o t a s i s  and leucocytes  are reviewed. 
ous substances w e r e  i n j ec t ed  i n t o  var ious organs and t h e  
changes i n  t h e  count w e r e  observed and analyzed. 
t h e  o lder  t heo r i e s  are re fu t ed  on the  b a s i s  of t h e  des- 
c r ibed  experiments. 
discussed. 

Numer- 

Some of 

The app l i ca t ion  t o  human sub jec t s  is  

Numerous a r t i c l e s  on blood, e i t h e r  from a c l i n i c a l  o r  experimental 

phys io logica l  viewpoint,have appeared i n  t h e  l as t  years .  

survey on a l l  t hese  works as f a r  as they relate t o  leucocytos is  

1891 i n  a book by Reiner t  [l] and i n  the  following year by Rieder [2]. 

Therefore,  i t  is  not  necessary t o  go i n t o  a l l  of t h i s  l i t e r a t u r e .  

A r a t h e r  exhaust ive 

appeared 

In recent  years  pr imar i ly  t h e  quest ion of a r t i f i c i a l  changes of 

leucocyte  count w a s  our concern. W e  t r i e d  t o  discover  i t s  na ture  and test  

present  views on t h i s .  The r e s u l t s  of our experimental i nves t iga t ions  were 

p a r t i a l l y  communicated i n  two l e c t u r e s  given l a s t  year i n  the  Physiological  

Society i n  Ber l in ,  bu t  we w e r e  confined t o  a b r i e f  survey which allowed only 

a sketch of our experiments. However, we deem it necessary t o  present  t h e  

information i n  i t s  e n t i r e t y ,  

* 

* 
Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  the  o r i g i n a l  fore ign  t e x t .  
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Disregarding views t o  be developed la te r ,  t h e  following views on the  

na tu re  of leucocytos is  are prevalent :  

Schulz. Limbeck's theory [5] connects leucocytos is  in t imate ly  wi th  the  

formation of exudate and considers  t he  l a t te r  only an  accompanying phenomenon 

of t he  former. H e  bases  these  views on t h e  following cons idera t ions  of 

experiments. Microbial  metabolic products introduced i n t o  t h e  animal body i n  

varying doses produce r eac t ions  depending on t h e  quant i ty .  

nor t h e  remaining t i s s u e s  of t h e  animal r e a c t  t o  small q u a n t i t i e s ;  l a r g e r  

q u a n t i t i e s ,  however, produce l o c a l  r eac t ions  by exudation and moderate hyper- 

leucocytosis .  A considerably more in t ens ive  r eac t ion  of t h e  t i s s u e s  and a 

much s t ronger  hyperleucocytosis i s  produced when v i a b l e  pus micrococi i  se t t le  

i n  t h e  body. 

of t h e  microorganisms, o r  r a t h e r  t h e  microorganisms themselves e x e r t  a remote 

e f f e c t  upon the  white  po r t ion  of t he  blood and fo rce  them i n  l a r g e  q u a n t i t i e s  

i n t o  t h e  c i r cu la to ry  system. Limbeck cannot give an explanat ion f o r  t h i s  

remote e f f e c t  and cannot decide whether hyperleucocytosis  i nc reases  the  

production of c e l l s  i n  t h e  blood producing organs l i k e  spleen,  bone marrow, 

lymph glands,or  only removes them from such organs; however, he i n d i c a t e s  

chemotactic in f luences  which probably p lay  a p a r t  i n  these  processes.  

by v Limbeck, Buchner, Rb'mer,  L a w i t  and 

i 

Neither t he  blood 1374  

Limbeck th inks  hyperleucocytosis  i s  caused by metabolic products 

4 

Rb'mer [6 and 71 proposes a second theory i n  connection with h i s  experi- 

ments of b a c t e r i a l  p ro t e ins  i n  r a b b i t s  which he  and Buchner [8 and 91, i n  p a r t  

he  alone, performed. 

decomposition products of dead b a c t e r i a  o r  o the r  c e l l s ,  p a r t i c u l a r l y  p ro te ins ,  

reaching the  tisGue f l u i d ,  then t h e  lymphatic system and the  blood where they 

exe r t  a d i r e c t  foxmative s t imulus on the  white  blood corpuscles,  

t o  Rb'mer, multip1,ication i s  e f f ec t ed  by ami tos i s .  

t h a t  t h e  increasqd cel ls  found i n  cases  of hyperleucocytosis are a l ready  

present  i n  blood producing organs and have reached t h e  blood stream as a 

consequence of chemotactic in f luences ,  b u t  th inks  t h a t  these  inf luences  act  

d i r e c t l y  on t h e  leucocytes.  

According t o  Rb'mer , hyperleucocytosis  i s  produced by 

According 

H e ,  therefore ,  con te s t s  

Lb'wit * s theory [lo] about leucocytos is  is  e n t i r e l y  divergent from t h i s  e 

H e  conceives of t h e  process  of hyperleucocytosis  as e n t i r e l y  independent from 
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chemotaxis and be l ieves  t h a t  i t  i s  merely a previous reduct ion of leucocytes  

i n  the  blood. Accordingly, he  supposes hyperleucocytosis arises whenever 

leucocytes  have p a r t i a l l y  disappeared from the  blood, thereby causing a n  in- 
creased i n f l u x  of young leucocytes  from t h e  organs producing blood cells. 

L g w i t  a r r ived  a t  t h i s  conclusion a f t e r  a g r e a t  many experiments wi th  r a b b i t s .  

H e  found t h a t  hyperleucocytosis occurred i n  connection with leucopenia and 

l euco lys i s ;  t h e  former term des igna tes  t h e  reduct ion of leucocytes when t h e  

experimental animal i s  cooled, t h e  l a t te r  t h e  presumed d i s so lu t ion ,  supposedly 

t h e  consequence of c e r t a i n  i n j e c t i o n s .  

p ro t e ins ,  hemialbumose, peptone, pepsin,  nuc le i c  ac id ,  nuclein,  blood g e l  

e x t r a c t ,  curare ,  u r i c  ac id  and u r a t e  sodium bicarbonate.  I n  a l l  cases he 

found a s i g n i f i c a n t  reduct ion  of leucocytes  following the  i n j e c t i o n ,  bu t  then 

a gradual i nc rease  i n  proport ion t o  the  previous decrease.  

L E w i t  , hypo- and hyperleucocytosis are two inseparable  processes  

emerging from the  f i r s t .  

/375 

The i n j e c t i o n s  contained b a c t e r i a l  

According t o  

t h e  second 

A fou r th  theoyy on leucocytos is  i s  proposed by Schulz Ell]. H e  be l i eves  

t h a t  white  blood corpuscles  do not  decrease o r  increase  under any condi t ions ,  

considered t o  be hypo- and hyperleucocyt ic ,  bu t  are merely d i s t r i b u t e d  

d i f f e r e n t l y  i n  the:vascular  system. 

p r o t e i n  and o ther  materials causes n e i t h e r  a d e t e r i o r a t i o n  of leucocytes 

l euco lys i s  of Lgwi t ,  nor a subsequent abso lu t e  increase  of leucocytes  from t h e  

blood producing organs. 

According t o  Schulz the  i n j e c t i o n  of 

t h e  

We are s a t i s f i e d  wi th  having b r i e f l y  ind ica ted  t h e  views which we en- 

countered a t  the  start and during our inves t iga t ions ,  s ince  we  have t o  

examine the  d e t a i l s  later upon which these  theo r i e s  are founded; f o r  i n  order  

t o  formulate our own views on the  na tu re  of leucocytes  we had t o  examine t h e  

cor rec tness  of t h e i e x i s t i n g  ones by analogous inves t iga t ions .  We have 

concerned ourselves  p a r t i c u l a r l y  wi th  t h e  teachings of Schulz and L g w i t  and 

from these  inves t iga t ions  gained a c l u e  t o  t h e  d i r e c t i o n  i n  which t h e  experi-  

ments should be  continued i n  order  t o  formulate our own views on the na tu re  

of leucocytos is  and t o  provide more evidence f o r  them. 
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Experimental Procedure 

I n  order  t o  be  more b r i e f  i n  our r e p o r t  w e  w i l l  f i r s t  give a genera l  

account of our procedure. Rabbits w e r e  used exclusively.  They have t h e  

advantage, as shown i n  an  earlier test, of not  being sub jec t  t o  per iodic  

v a r i a t i o n s  i n  white  blood ce l l  count (Pohl, Schulz, Jacob),  The leucocyte  

count, however, varies g r e a t l y  wi th  t h e  ind iv idua l  animal (between 8,000 - 
14,000);  therefore ,  we always count t h e  number of white  blood c e l l s  before  

each experiment i n  order  t o  be a b l e  t o  judge t h e  magnitude of t he  change 

caused by t h e  in j ec t ions .  

animal; w e  waited a t  least  3 weeks before  we used a previously employed 

animal f o r  a new experiment. 

maintain the  pu r i ty  of t h e  experiment, s i n c e  t h e  wound, even though a l l  

i n f e c t i o n  i s  avoided, and e spec ia l ly  t h e  l o s s  of blood and t h e  loss of 

a p p e t i t e  during t h e  f i r s t  couple of days a f t e r  t he  opera t ion  has a n  important 

in f luence  on leucocytosis .  The blood f o r  t he  counts w a s  genera l ly  taken from 

the  pe r iphe ra l  ve in  of t he  ear a f t e r  t h e  ear had been shaven and cleansed 

with e ther .  For experiments using intravenous i n j e c t i o n  the  blood sample w a s  

taken from a blood vessel i n  the  th igh  ( t h e  femoral a r t e r y  o r  vein) which was  

exposed and clamped off  enabling us  t o  c o l l e c t  blood most speedi ly  f o r  hours. 

I n  the  meantime the  wound was  n a t u r a l l y  w e l l  covered. 

a Zeiss-Thomas counting apparatus  and d i l u t e d  1:20 wi th  1/3 per cen t  a c e t i c  

ac id  when we only wanted t o  count t h e  leucocytes .  When ery throcytes  w e r e  t o  

be counted a l s o ,  we used the  usual  phys io logica l  s a l i n e  so lu t ion  o r  t he  Toison 

mixture. To determine t h e  number of leucocytes ,  t h e  400 squares of t h e  

counting chamber w e r e  counted, f o r  e ry throcytes  t w i c e  s ix t een  squares.  When- 

ever poss ib l e  we co l l ec t ed  two successive blood samples from d i f f e r e n t  

capi l lar ies  and counted i n  t h e  above manner. Er rors ,  i n  our experience,  

amounted t o  200-800 f o r  a normal count of 8,000, L e D J  1-4 f o r  each of t h e  

400 squares of t h e  counting chamber. 

experiments we prepared blood samples immediately a f t e r  t h e  count and t r e a t e d  

them wi th  t r i a c i d  by t h e  method descr ibed by Ehr l ich ,  

For near ly  every experiment we used a new, unused 

We considered t h i s  i nev i t ab ly  necessary t o  

The count w a s  done on 

Frequent ly ,  i n  t h e  course of t h e  
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The i n j e c t i o n s  were given subcutaneously i n t o  t h e  sk in  of the  abdomen 

which had been shaven and d i s in fec t ed .  The intravenous i n j e c t i o n s  were ad- 

minis tered i n t o  one of t he  ex te rna l  jugular  ve ins ;  i n  t h e  r a b b i t  these  are 

w e l l  developed and are s i t u a t e d  rather s u p e r f i c i a l l y  s o  t h a t  i t  does not  

r equ i r e  an extensive i n c i s i o n  t o  f i n d  i t  and t o  f a s t e n  a canula i n  it. 

the  animals were not  s a c r i f i c e d  immediately a f t e r  t he  experiment b u t  saved 

f o r  counting wi th in  the  next  few days o r  f o r  o the r  experiments, t he  wound w a s  

s t i t c h e d  a f t e r  d i s i n f e c t i n g  it thoroughly with a lcohol  and w a s  closed wi th  

iodoform collodium. I n  every o ther  r e spec t  t he  experiments were executed 

under s t r i c t e s t  a s e p t i c  precaut ions,  i .e. ,  before  t h e  experiment t h e  s i te  

of operat ion w a s  d i s i n f e c t e d ,  s i m i l a r l y  a l l  instruments  and u t e n s i l s ,  as w e l l  

as the  wound i t s e l f ,  being covered wi th  a s e p t i c  material f o r  t he  du ra t ion  of 

t h e  operat ion.  

i n f e c t i o n  of t h e  wound which i s  of prime s ign i f i cance ,  f o r  i f  purulence should 

occur,  every count taken during the  p a r t i c u l a r  experiment is  completely 

i r r e l e v a n t  s ince  it is  impossible t o  decide whether t h e  present  hyperleucocy- 

t o s i s  is the  r e s u l t  of t h e  p a r t i c u l a r  i n j e c t i o n ,  t h e  combination wi th  t h e  

suppuration, o r  t he  r e s u l t  of t he  l a t te r  alone. 

When 

Under these  condi t ions,  i t  is  usua l ly  poss ib le  t o  avoid any 
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Singular ,  subcutaneous i n j e c t i o n s ,  quickly executed, obviously did no t  

r e q u i r e  narcos is ;  ,however, experiments using intravenous i n j e c t i o n  and l a s t i n g  

seve ra l  hours made na rcos i s  i nev i t ab le .  

bu t  encountered fx'equent d i f f i c u l t i e s .  

uniform dosage i n  a l l  cases, we soon discontinued using ch lora lhydra te  a l -  

together  and used t h e  o lde r  method of e t h e r  narcos is  exclusively.  We would 

l i k e  t o  po in t  ou t  t h a t  t h e  na rcos i s  has  t o  be observed c a r e f u l l y  because the  

animals wake up with a sudden sharp j e r k  and might poss ib ly  upset  t h e  experi- 

ment considerably.  

manner, they w e r e  fas tened on the  r a b b i t  board. Af te r  we  had t e s t ed  L b ' w i t ' s  

r e s u l t s  t h a t  t h e  experimental  animal being t i e d  down f o r  hours cools  off  and 

t h e  number of leucocytes  is considerably reduced and w e  had v e r i f i e d  t h i s ,  we 

wrapped t h e  animal i n  warm c l o t h s  f o r  t h e  du ra t ion  of t h e  f i r s t  experiments 

i n  order  t o  avoid t h e  t roub le  of cool ing.  But t h e  procedure i s  ve ry  cumber- 

some. 

I n i t i a l l y ,  we used ch lora lhydra tes ,  

Since we could not  a t t a i n  a r e l i a b l e ,  

A s  soon as the  animals had been pu t  t o  s leep  i n  t h i s  

Therefore,  we have modified a r a b b i t  board on which the  animals were 1 3 7 8  

5 



t i e d  during t h e  experiment so  t h a t  a metal  box w a s  fas tened under the  box 

which r e s t e d  on t a l l  i r o n  l egs .  

box is f i l l e d  with sand and heated with a flame underneath t o  ca. 40" (cent i -  

grade). 

by a few more degrees and remains r a t h e r  constant  when during the  experiment 

f requent ly  a very  s m a l l  flame is  placed under it. 

experimental animal which i s  t i e d  on the  r a b b i t  board remains equal ly  constant .  

We w i l l  show la ter  on i n  several experiments t h a t  by these  measures leucopeny 

mentioned by L E w i t  is  avoided e n t i r e l y .  

About ha l f  an hour before  the  experiment, t..e 

The flame is  then extinguished, t h e  temperature of the  sand increases  

The temperature of t he  

A s  a l ready  mentioned, a g r e a t  dea l  of our work consis ted of examining t h e  

organs of t he  experimental  animals p a r t l y  i n  a f r e s h  condi t ion,  p a r t l y  i n  a 

hardened condi t ion.  We mostly examined h e a r t  and lungs,  sometimes a l s o  l iver ,  

sp leen  and bone marrow. The thoroughly anes the t ized  animal had i t s  thorax and 

abdomen opened, l i g a t u r e s  appl ied  about t h e  major vessels and the  organs re- 

moved. 

mostly M&ler's s o l u t i o n  and abso lu te  a lcohol ,  o r  Mcller's so lu t ion  and sub- 

limate so lu t ion ,  concentrated.  When the  organs had been hardened i n  the  last  

so lu t ion ,  i t  was  found t o  be  advantageous t o  add several drops of t i n c t u r e  of 

iod ine  t o  t h e  a lcohol  which prevents  sublimate p rec ip i t a t ion .  

e i t h e r  pu t  i n  p a r a f f i n  o r  "cel loidin" ,  and the  prepara t ions  s ta ined  wi th  

Biondi 's  s t a i n  mixture o r  w i th  Ehr l ich ' s  t r i a c i d .  

The f i x i n g  f l u i d  was  p a r t l y  MGller's so lu t ion ,  p a r t l y  absolu te  a lcohol ,  

The organs w e r e  

For the  i n j e c t i o n  experiments we used substances used i n  p a r t  a l ready  by 

o ther  authors .  

as L E w i t  had done, nuc le i c  a c i d ,  courtesy Prof e Kossel, tubercul in ,  o ther  bac- 

terial  p ro te ins ,  prepared by R g m e r ' s  process  [lZ], etc. 

i n j e c t  our own ca rbo l i c  ac id  g lycer ine  e x t r a c t s  prepared from organic t i s s u e s .  

For t h e  sake of completeness we would l i k e  t o  descr ibe  the  method of prepara- 

W e  i n j e c t e d  hemialbumose, obtained from D r .  Grcbler i n  Leipzig,  

Moreover, d id  we 

t i o n  of these  substances,  as we d id  a l ready  i n  one of our above mentioned 1 3 7 9  

l ec tu re s .  Present ly  our observat ions were concerned wi th  the  spleen,  thymus, 

bone marrow, pancreas,  thyro id ,  l iver ,  kidney, mostly from young calves .  The 

organs are s e n t  from the  c e n t r a l  s tock  yard t o  t h e  labora tory  q u i t e  f r e s h  i n  

t h e  morning where %hey are immediately processed. The instruments and vessels 
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used f o r  t h i s  n a t u r a l l y  have t o  be completely s ter i le .  

thoroughly r insed  i n  water, removing a l l  surrounding f a t  and connecti 

t i s sue .  

so lu t ion .  

e n t i r e  su r face  removed by a s i n g l e  c u t  with a long sharp kn i f e ,  o r  t o  o b t a i n  

the  bone marrow, the  bone i s  sawed a p a r t  lengthwise.  Pieces are immediately 

c u t  with s c i s s o r s  and forceps from the  center of t h e  organ and thrown i n t o  a 

porce l lan  mortar. 

pu r i f i ed ,  mixed wi th  an aqueous so lu t ion  of c a r b o l i c  acid.  

macerated by using small p ieces  of g l a s s  which c u t  up t h e  substance t o  an 

extreme degree. 

and kept  i n  the  r e f r i g e r a t o r  f o r  24 hours. 

p iece  of l i n e n ,  s t e r i l i z e d  by repeated bo i l ing ,  i n t o  another g l a s s  conta iner ,  

r equ i r ing  s p e c i a l  a seps i s  of t h e  hands. 

enough and are s t r a i n e d  through two o r  t h ree  add i t iona l  l i n e n  pieces .  

e x t r a c t s  are s tored  i n  g l a s s  >containers with s t e r i l i z e d  co t ton  plugs i n  a 

cool  p l ace  and keep exce l l en t ly  f o r  a long t i m e .  

ourse lves  of t h e i r  s t e r i l i t y  by inocula t ing  n u t r i e n t  agar p l a t e s  and broth.  

A s  a matter of f a c t ,  we usua l ly  spread some of t h e  e x t r a c t ,  before  using i t  

f o r  i n j e c t i o n ,  on n u t r i e n t  media and begin our experiments only i f  nothing had 

grown a f t e r  2-3 days. 

i n  D r .  Kossel ' s  l abora tory  of t h e  phys io logica l  I n s t i t u t e  i n  Berl in ,  have 

commenced t o  analyze and test  t h e  chemical na tu re  and physiological  e f f e c t  of 

t he  leukocytogenic substance contained i n  t h e  ca rbo l i c  acid-glycerine ex t r ac t .  

However, t h e  experiments are not  y e t  concluded and w i l l  be  mentioned la ter  on. 

The organ i s  

Another c leaning i n  water is  followed by a ca. 3% ca rbo l i c  ac id  

The prepara t ion  i s  then placed on a s ter i le  g la s s  p l a t e  and i t s  

It conta ins  a l ready  t h e  necessary quant i ty  of g lycer in ,  

The pieces are 

The e x t r a c t  thus obtained i s  poured i n t o  a g l a s s  conta iner  

Then i t  i s  s t r a ined  through a 

Most e x t r a c t s  are s t i l l  not  clear , 

The 

After weeks w e  convinced 

Most recent ly ,  D r .  KrGger and the  second author,  working 

A t  t h e  conclusion of t h i s  s e c t i o n  we would l i k e  once more t o  mention and 

suggest t h e  nomenclature which we  have used f o r  some t i m e  t o  express t h e  

changes i n  the  quan t i ty  of leukocytes,  as pos tu la ted  i n  our f i r s t  l e c t u r e .  
L z w i t ,  as a l ready  mentioned above, c a l l s  t he  reduct ion  of leukocytes i n  t h e  

blood due t o  var ious  circumstances either leukopenia o r  leukolys is .  

l i k e  t o  suggest t h e  c o l l e c t i v e  term hypoleukocytosis,  e spec ia l ly  s ince  s o  many 

inves t iga to r s  conceive of white blood corpuscle reduct ion q u i t e  d i f f e r e n t l y  

from L z w i t  

- /380 

W e  would 

Conversely, every inc rease  i s  t o  be c a l l e d  hyperleukocytosis,  
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while  t h e  old t e r m  leukocytosis  would be s u i t a b l e  t o  express t h e  leukocyte 

quan t i ty  i n  general .  I n  the  French l i t e r a t u r e ,  as a matter of f a c t ,  t h i s  

expression i s  sometimes equal ly  common. 

D r .  Robert Franz M G l l e r  has  k indly  helped us  f requent ly  i n  t h e  fol lowing 

experiments, enabling u s  t o  make the  l a r g e  number of blood counts i n  such 

quick succession. We herewith express our thanks t o  him. 

Inf luence of Cooling and Shock 

I n  t h e  following experiments w e  f i r s t  wish t o  show what in f luence  

gradual cool ing has  on leukocytosis  and how d i f f e r e n t l y  the  r e s u l t s  t u r n  out  

when under the  same experimental condi t ions t h e  animal is  held a t  r a t h e r  

constant  temperature. 

These experiments were conducted merely t o  determine the  leukocyte number 

during cool ing and ty ing  down, and they show c l e a r l y  t h a t  prolonged and 

increased cool ing i n t e n s i f i e s  hypoleukocytosis. I n  t h i s  respec t  w e  can only 

v e r i f y  L ' d w i t ' s  r e s u l t s ,  but  on some po in t s  we disagree.  

were not  a b l e  t o  convince ourselves  t h a t  reduct ion  t o  one ha l f  of t he  count 

w a s  due t o  continuing f e t t e r i n g ,  as i n  one of Lb 'wi t ' s  tests (34567-18403). 

We be l i eve  t h a t  t h i s  observat ion came about by tak ing  t h e  f i r s t  count before  

tying t h e  animal down, from blood i n  a s m a l l  ear a r t e r y ,  t he  second, however, 

from t h e  jugu la r  vein;  a very important circumstance, as we s h a l l  see later 

on. 

l a t i v e l y  low grade reduct ion  of t h e  number of leukocytes". 

reduct ion  of t h e  number of leukocytes due t o  cool ing i s  concerned, w e  do 

agree with L g w i t  i n  t h a t ,  by avoiding cooling, leukocytosis  remains a t  about 

t h e  same level.  

animal drops inc reas ing ly ,  t he  number of leukocytes dropsp a t  least i n  t h e  

ves se l s  which are access ib l e  t o  us  f o r  blood samples and count. However, we  

d i f f e r  decidedly wi th  L g w i t  i n  t he  i n t e r p r e t a t i o n  of these  phenomena. Lb'wit  

d i s t i ngu i shes  completely between hypoleukocytosis caused by prolonged f e t t e r i n g ,  

For one thing,  w e  

L 'dwit  himgelf admits t h a t  f e t t e r i n g  alone "produces only a sudden re- 

A s  f a r  as t h e  

However, when the  body temperature of t h e  experimental 
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Exp 
No e 

1. 

2. 

3. 

Manner 
of 

a c t i o n  

Rabbit  

t i e d  
operated 

sl0wl.y 

Rabbit 
operated 

and 

t i e d  
slowly 

T i m e  
of 

day 
h r  min 

Feb. 12  
ll:30am 
ll:45eRl 
12  : lOpm 
12: 40pm 
1 : lOpm 
1:35pm 

2:5 pm 
2 : 25pm 
6 : 40pm 

Feb. 13 
10:5 a m  

Feb. 13 
11 : 50am 
12:5 pm 
1 2  : lOpm 
1 2  : 15pm 
1 2  : 45pm 
1 : lOpm 
1 : 45pm 
2:5 pm 
2 : 30pm 

Apr. 2 
12: OOam 
12: 37pm 
1 2  : 54pm 

Temp e 

'Cent 

38.2 
38,O 
37.3 
34.8 
33.6 
32.4 

31.8 
31.6 
37.8 

38.0 

37.9 
37.7 
37.4 
37.2 
36.1 
34.0 
32.8 
32.9 
31.2 

38,9 
29.5 
25.2 

Number of 
leukocytes* 
/cmm from 
fem. v e i n  

Ear v e i n  1060C 
7200 
6000 
4800 
4000 
3 800 

3400 ! 
3600 

Ear v e i n  1380C 

Ear v e i n  1460C 

Ear v e i n  9400 
6200 
7000 
6400 
5600 
46 00 
4000 
3500 
3000 

Ear v e i n  9600 

E a r  v e i n  3400 

.- * Unless otherwise indicated,  t h e  number of 

General Comments 

Rabbit i s  anesthet ized,  l i e s  

board; one fem. v e i n  exposed, 
a l s o  jug .  vein.  Wounds 
covered wi th  steri le gauze. 

UnCoVerQd, sf& t o  regudor 

Blood s l i d e s  a t  2:5 pm show 
mostly polynuclear eosino- 
p h i l  and several mononuclear 
cells. 

T h e  animal 's  i n c i s i o n s  are 
closed up, i t  is  wrapped i n  
w a r m  c l o t h s  and allowed t o  
recuperate .  

As i n  1. - /381 
The s l i d e s  made from t h e  
blood of  t h e  ear ve in  be- 
f o r e  ty ing ,  show ca. 60% 
polynuclear and 40% mono- 
nuclear  cel ls .  
The blood s l i d e s  made about 
1:45pm show again  predomi- 
nan t ly  polynuclear eosino- 
p h i l  cells .  
The animal i s  s a c r i f i c e d .  

Rabbit is  slowly cooled by 
water i r r i g a t i o n ,  
Animal is  k i l l e d  f o r  micro- 
scopic  inves t iga t ions .  

.__.____ 

zukocytes r e f e r s  t o  t h e  
count made from the femoral vein.  - _ .  
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Exp . 
xo 0 

_pp__ 

4. 

5. 

6. 

7. 

8. 

10 

?fanner 
of  

a c t i o n  

Rabbit  
is  t i e d  
and 

operated 

Rabbit 
i s  t i e d  
and 

operated 

Rabbit  
is  t i e d  

and 
operated 

Shock by 
s t r i k i n g  

neck 

Shock by 
s t r i k i n g  
abdomen 

Time 
of 

day 
h r  min 

Oct. 17 
12:5 pm 
12  : 25pm 
1 : OOpm 
1 : 20pm 
1 : 45pm 
2:5 pm 
2 : 25pm 
6 : 40pm 

O c t .  18 
9:5 a m  

Sept.  15 
ll:30am 
11 : 55am 
1 2  : lOpm 
1 2  : 45pm 
1 : lOpm 
1:35pm 
2 : 15pm 
6 : lOpm 
9 :30am 

Mar. 25 
11 : OOam 
11 : 30am 
11 : 50am 
1 2  : 15pm 
1 2  : 40pm 
1:5 pm 
1:40pm 

Apr. 2 
1:5 pm 
1 : lOpm 
1 : l lpm 

Apr. 9 
12:5 pm 
12:7 pm 
12:8 pm 

Temp e 

O Cent 

38.4 
38.1 
38. d 
38.0 
38.1 
38.0 
37.9 - 
38.2 

38.2 
37.9 
38.0 
37.8 
37.6 
37.6 
37.5 
38.1 
38.3 

38.0 
37.8 
37.8 
37.7 
37.7 
37.7 
37.6 

. .  - - 
L 

- - - 

F m b e r  of 
1 eulco cy t es 
/ c m  from 
fem. v e i n  

Ear v e i n  10600 
8600 
8800 
8400 
8800 
8200 
8400 

Ear v e i n  11000 

Ear v e i n  10800 

Ear v e i n  11200 
8200 
8600 
7800 
7400 
7800 
7400 

Ear v e i n  11800 
E a r  v e i n  11000 

E a r  v e i n  10200 
7000 

7800 
7400 
7000 
7000 

7408 

E a r  v e i n  10400 
Shock 

E a r  vein 4200 

E a r  v e i n  10800 
Shock 

Ear v e i n  3800 

General Comments 

Rabbit i s  anesthet ized,  l i es  
on warmed board,  One ext:. 
jug .  v e i n  and one fem. v e i n  
are exposed. 

Blood s l i d e s  made a t  about 
2:5 pm show t h e  usua l  
polynuclear and mononuclear 
leukocytes i n  a normal re- 
l a t ionsh ip .  

Rabbit i s  anes the t i zed ,  l i e s  
on t h e  board wrapped i n  warm 
c lo ths ;  an  ext. jug .  vein 
are exposed. 

Rabbit l i es  on warmed board, 
unanesthetized, only t i e d ;  
a n  ex t .  jug. vein and a f e m e  
ve in  are exposed. 

/382 - 

Animal is k i l l e d  f o r  micro- 
scopic  examination. 

After  t h e  shock t h e  animal 
i s  unconscious f o r  about 
5 min. Heart rate rises 
from 240 t o  358 beats/min. 



and t h a t  which r e s u l t s  from cooling: the former i s  assumed t o  come about 

s ince ,  as a consequence of f e t t e r i n g ,  t he re  i s  an a c t u a l  dec l ine  of leukocytes,  

both mononuclear and polynuclear,  and, furthermore,  the  supply of immature 1 3 8 3  

mononuclear elements from t h e  organs producing blood c e l l s  i s  reduced. But 

hypoleukocytosis caused by cool ing,  c a l l e d  leukopenia, he considers  merely 

as an inadequate supply of leukocyte- l ike elements t o  the  blood, and he  

be l ieves  t h a t '  i n  t h i s  type of hypoleukocytosis des t ruc t ion  of leukocytes can 

only be involved t o  a c e r t a i n  degree. We do not  agree with t h i s  explanat ion 

of hypoleukocytosis caused by cool ing and f e t t e r i n g .  We were n o t  a b l e  t o  

d e t e c t  a considerable  reduct ion i n  t h e  number of leukocytes s o l e l y  due t o  

f e t t e r i n g  when cool ing w a s  avoided by the  method described above. 

i n d i c a t e s  t h i s  f a c t  himself:  

wrapping i t  i n  poor hea t  conductors, o r  a t  least considerably r e t a r d i n g  t h e  

cool ing process ,  t h e  inf luence  of prolonged r e s t r a i n i n g  on the  number of 

leukocytes was  e i t h e r  completely absent  o r  no t i ceab le  only t o  a very s l i g h t  

degree." 

femoral ve in  w a s  cons tan t ly  less than i n  t h e  blood from a l i t t l e  ear ve in ,  

a r e l a t i o n s h i p  which w i l l  be  explained i n  one of t he  la ter  chapters .  

leukocytosis  remained a t  t h e  s a m e  level when t h e  experimental animal w a s  kept  

a t  cons tan t  temperature. Also,  t he  e the r  anes thes ia ,  as is  shown i n  experi-  

ment No. 6,  does no t  in f luence  t h i s  process  i n  t h e  least  s i n c e  we a r r ived  a t  

the  same r e s u l t s  without it. Since anes thes ia  is  no source of e r r o r ,  bu t  

r e s t r a i n i n g  ropes,  drawn too t i g h t l y  o r  sudden movement of t h e  experimental  

animal may w e l l  be,  we have used anes thes ia  i n  almost a l l  of our experiments. 

From t h i s  one can only i n t e r p r e t  t he  r e s u l t s  of L E w i t ' s  experiments, i n  which 

he r e p o r t s  t h a t  a f t e r  two t o  th ree  hours of r e s t r a i n i n g  t h e  experimental 

animal, i t s  leukocyte count had dropped t o  one h a l f ,  one t h i r d  o r  less, t o  

mean t h a t  t h i s  drop was  t he  r e s u l t  of cool ing during t h e  hours of r e s t r a in ing .  

This w e  would l i k e  t o  stress i n  con t r a s t  t o  Lb'wit :  

does no t  cause hypoleukocytosis,  only i n  connection with cool ing o r  r a t h e r  

t he  la t ter  by i t s e l f .  

L g w i t  

"When t h e  animal w a s  not allowed t o  cool  by 

However, w e  noticed t h a t  t h e  leukocyte count i n  blood from t h e  

But 

Prolonged r e s t r a i n i n g  a lone  

Now t h e  ques t ion  is ,  what causes t h i s  kind of hypoleukocytosis. L E w i t  

expla ins  t h e  sudden reduct ion  of leukocytes i n  t h e  blood as a consequence of 
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r e s t r a i n i n g ,  a s  t h e  e f f e c t  of shock. I n  h i s  opinion the same r e s u l t  i s  

achieved by c e r t a i n  o t h e r  ac t ions ,  f o r  ins tance ,  s t rong  blows on the  neck, of  

such fo rce  as t o  e f f e c t  mild nystagmus and temporary pa ra lys i s  of t he  extremi- 

t ies,  and t h i s  causes a sudden des t ruc t ion  of leukocytes.  

L s w i t  does not  consider  hypoleukocytosis due t o  sudden cooling a shock e f f e c t ,  

Should such be t h e  case, then a r ap id  cool ing must be considered a t  l eas t  

equivalent  with r e s t r a i n i n g  which a l s o  t akes  some t i m e ,  

question, w e  have t o  make a d i s t i n c t i o n ,  which ];;wit ignores ,  between hyps- 

leukocytosis  as a consequence of prolonged cooling and t h e  one as a con- 

sequence of shock e f f e c t ,  e.g., sudden cooling, r e s t r a i n i n g ,  blows on t h e  neck. 

1384  

On t h e  o the r  hand, 

To i n v e s t i g a t e  t h i s  

We s h a l l  f i r s t  d e a l  with the  ques t ion  of what takes  p lace  i n  hypo- 

leukocytosis  brought about by hours of cooling; i f ,  indeed, an  a c t u a l  

des t ruc t ion  of t h e  leukocytes occurs o r  only a reduced i n f l u x  of immature 

leukocyt ic  elements from the  organs producing t h e  blood c e l l s ,  o r  i f  t h e r e  

i s  u l t ima te ly  another reason. L & i t  assumes the  f i r s t  two causes, i.e., 

des t ruc t ion  i n  hypoleukocytosis as a consequence of prolonged r e s t r a i n t ,  and 

reduced i n f l u x  during cooling. 

are i n s e p a r a b h ;  i f  L 'dwi t ' s  hypothesis is  j u s t i f i e d ,  both circumstances - 
cool ing,  as w e l l  as r e s t r a i n t -  must produce both des t ruc t ion  and reduced 

i n f l u x .  A s  evidence f o r  h i s  assumption t h a t  r e s t r a i n t  produces a dec l ine  of 

leukocytes,  L'dwit states t h a t  hyperleukocytosis comes about and t h a t  i t  i s  

poss ib l e  t o  achieve in t r avascu la r  thrombi. These two f a c t s  are v e r i f i a b l e  

by our test  record,  b u t  a t  t h e  same t i m e  we po in t  o u t  t h a t  t h e  same th ings  

happen a f t e r  cool ing has  been survived. 

whether t h i s  hyperleukocytosis a c t u a l l y  is  evidence f o r  t h e  des t ruc t ion  of 

white  blood corpuscles  i n  hypoleukocytosis due t o  cool ing and r e s t r a i n t .  

We have shown above t h a t  cool ing and r e s t r a i n t  

Only later on can w e  e s t a b l i s h  

Concerning t h e  second reason f o r  hypoleukocytosis by cool ing and re- 

s t r a i n t ,  which L z w i t  sees i n  t h e  reduced i n f l u x  of immature leukocytes from 

the  organs forming t h e  blood cel ls ,  he relies on t h e  observat ion t h a t  during 

t h i s  hypoleukocytosis pr imar i ly  t h e  number of mononuclear leukocytes de- 

creases .  It is  t h a t  number which he takes  as t h e  measure f o r  t h e  i n f l u x  of 

immature whi te  blood corpuscles.  

1 3 8 5  

This po in t  we w i l l  have t o  d i scuss  i n  more 
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d e t a i l  i n  a la te r  chapter .  

L g w i t ' s  f indings:  

s l i g h t  v a r i a t i o n  i n  t h e  leukocytosis ,  probably caused by t h e  r e s t r a i n i n g ,  i s  

removed, i t  i s  found t h a t  t he  polynuclear leukocytes d e f i n i t e l y  outnumber 

t h e  mononuclear ones,  by 65% t o  35% of t h e  t o t a l .  L g w i t  i nd ica t e s  t h a t  t h i s  

r e l a t ionsh ip  changes during prolonged cool ing i n s o f a r  as the  number of poly- 

nuclear  leukocytes i s  n o t  supposed t o  decrease by f a r  t o  t h e  degree by which 

the  mononuclear ones reduce. According t o  our inves t iga t ions  t h i s  statement 

requi res  considerable  q u a l i f i c a t i o n  which makes L s w i t ' s  hypothesis very un- 

s t ab le .  The same a p p l i e s  t o  t he  form of t h e  polynuclear ones. I n  the  normal 

animal we u sua l ly  f i n d  t h e  normal polynuclear c e l l s  before  cooling; a f t e r  

hours of cool ing these  are almost completely absent ;  eos inophi l ic ,  mostly 

polynuclear leukocytes are i n  t h e i r  place. 

t h i s  f ind ing ,  and a t  t h e  end of t h e  paper w e  w i l l  draw conclusions and 

determine whether L s w i t ' s  hypothesis s t i l l  remains v a l i d  - namely, hypo- 

leukocytosis  due t o  cool ing i s  caused by decreased i n f l u x  of immature leuko- 

c y t i c  elements from organs forming blood cells. 

We would l i k e  t o  po in t  ou t  one f a c t  cont ra ry  t o  

a f t e r  t h e  experimental animal has  been t i e d  down and t h e  

For t h e  moment, w e  only i n d i c a t e  

F ina l ly ,  we w i l l  d i s cuss  t h e  shock e f f e c t ,  including s t rong  blows on 

t h e  neck, as w e l l  as r e s t r a i n t  and sudden cooling, 

L G w i t  on the  i n t e r p r e t a t i o n  of hypoleukocytosis caused by shock because our 

f ind ings  c o n t r a s t  wi th  h i s .  

t h a t  i n  the  normal r a b b i t  t h e  number of polynuclear c e l l s  i s  much l a r g e r  

than the  number pf mononuclear cells. H e  q u a l i f i e s  t h i s  i n  h i s  l as t  work by 

s t a t i n g  t h a t  t h e  p a r t i c u l a r  r e l a t i o n s h i p  between poly- and mononuclear white  

blood corpuscles  only e x i s t s  i n  r e s t r a ined  r a b b i t s ,  while  t h e  oppos i te  should 

be the  case when unrestrained.  We cannot concur wi th  him i n  t h i s  statement.  

Even i f  polynuclear leukocytes do not  predominate over mononuclear ones i n  

the  r a b b i t  t o  t h e  degree i n  which they do i n  man, never the less ,  w e  found t h e  

former always i n  g rea t e r  number than t h e  l a t te r  i n  our  test  animals a l s o  

when w e  avoided any r e s t r a i n i n g ,  any shock e f f e c t .  On the o the r  hand, w e  

found, cont ra ry  t o  L'dwit 

polynuclear and e spec ia l ly  eos inophi l ic  cells ,  A s  f o r  the  rest, w e  can agree 

with L Z w i t * s  r e s u l t s  t h a t  i t  is  poss ib l e  t o  produce hypoleukocytosis by shock 

W e  a l s o  cannot agree wi th  

L s w i t ,  i n  an earlier d i s s e r t a t i o n  has  mentioned 

t h a t  hypoleukocytosis by shock produced mainly l a r g e  /386 
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without,  f o r  the  t i m e  being, dea l ing  wi th  t h e  quest ion of whether i n  t h i s  case 

the vasomotor in f luences  p lay  a p a r t ,  as L z w i t  s tates,  and i f  one can i d e n t i f y  

shock by cool ing and sudden cons t r a in t  w i th  t h a t  which is  caused by "blows on 

the  neck of t h e  animal s o  hard t h a t  they produce nystagmus and temporary 

p a r a l y s i s  of t h e  extremit ies"  

F ina l ly ,  we would l i k e  t o  po in t  ou t  what happens t o  t h e  e ry throcytes  

during the  var ious  condi t ions described above. 

not iced any s i g n i f i c a n t  e f f e c t s  of t h e  var ious  procedures, ne i the r  i n  the  

experiments w i th  cool ing nor shock, on red blood corpuscles .  We have not  

made t h i s  t es t  i n  a l l  cases, s ince  i t  would have been impossible,  e spec ia l ly  

when i t  w a s  c r u c i a l  t o  make numerous counts i n  quick succession. 

f requent  random tests during the  var ious  experiments, we  could d e f i n i t e l y  

conclude t h a t  t h e  number of erythrocytes  was  n e i t h e r  increased nor decreased 

by t h e  measures t h a t  a f f ec t ed  the  leukocytes so s t rongly .  

S i m i l a r  t o  Lb'wit ,  w e  never 

But from 

Regarding the  test r e s u l t s  p e r  se, we are i n  general  agreement with 

L z w i t .  w e  found hypoleukocytosis t o  be  t h e  r e s u l t  

o f :  (1) prolonged'cooling, (2) sudden shock, and t h a t  both kinds produce a 

subsequent, low-grade hyperleukocytosis.  A t  t h e  end of t h i s  work, we w i l l  

mention our i n t e r p r e t a t i o n  of these  phenomena, and w i l l  test t h e  inf luences  

which play a p a r t .  F ina l ly ,  we w i l l  i n v e s t i g a t e  whether these  phenomena can 

b e  explained according t o  L z w i t ,  on t h e  b a s i s  of d e t e r i o r a t i o n ,  and i n s u f f i -  

c i e n t  i n f l u x  of white  blood corpuscles  from t h e  organs producing t h e  blood 

cells e 

To summarize i n  b r i e f :  

P r o t  - 
Inf luence  of I n j e c t i o n  of Nucleic Acid, 

ins ,  etc.,  and Organic Ex t rac t s  on Leukocyt 

Prompted by a case of myxedema which i n  the  c l i n i c  f o r  i n t e r n a l  medicine 

w a s  t r ea t ed  wi th  thyroid extract, we wished t o  prepare e x t r a c t s  of o the r  

organs and t o  test t h e i r  e f f e c t  on t h e  normal animal body experimentally.  

The method of preparing these  extracts has  been descr ibed above and i s  
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genera l ly  s i m i l a r  t o  the  p re sc r ip t ions  given by the  English researchers  

Iviurray, Batter, Fox, Mackenzie, a l s o  Laache, Wichmann, Leichtenstern.  

The r e s u l t s  of i n j e c t i o n s  of organ extracts were already given i n  our 

f i r s t  repor t .  W e  reported t h a t  i n j e c t i o n  of spleen,  thymus and bone marrow 

extracts produced hypo- and hyperleukocytosis,  which extracts from thyro id ,  

l i v e r ,  kidney and pancreas d id  no t  achieve. 

such experiments with f igu res .  

We c h a l l  descr ibe a series of 

From these  experiments, i t  is apparent t h a t  i t  i s  poss ib l e  t o  produce 

hypo- and hyperleukocytosis i n  t h e  animal system by i n j e c t i o n  of a series of 

substances.  The r e s u l t s  of t h e  experiments l i s t e d  under 111 i n  genera l  

correspond wi th  those of v. Samson-Himmelstjerna [17], Groth [18], L o w i t ,  

Buchner, REmer ,  Rieder, v. Limbeck, Massart [13], Everard [13] ,  Demoor [13],  

Werigo [14], Miller [15], Michelson [16] achieved a f t e r  i n j e c t i n g  analogous 

substances.  

Furthermore, the  experiments under I. and 11. show the  manner i n  which 

ca rbo l i c  acid-glycerine extracts prepared from organs a f f e c t  leukocytosis :  

extracts of spleen,  thymus gland and bone marrow have a considerable e f f e c t .  

Kidney, l i v e r ,  thyroid and pancreas extracts,  however, do not .  W e  had s t a t e d  

t h i s  a l ready i n  our f i r s t  r epor t ,  b u t  one p o i n t  s t i l l  needs cor rec t ion .  

had mentioned then t h a t  w e  were ab le  t o  observe hypoleukocytosis as a pheno- 

menon preceding hyperleukocytosis only a f t e r  i n j e c t i o n  of spleen extract .  

Later experiments [ see’27 ,  28, 29, 331 showed t h a t  bone marrow and 

thymus extract a l s o  caused t h i s  phenomenon. We had probably overlooked t h i s  

i n  our f i r s t  observat ions,  s i n c e  t h e  last  mentioned two extracts have a less 

i n t e n s i v e  e f f e c t  on leukocytosis  than sp leen  extract. Indeed, t h i s  approaches 

being the  most e f f e c t i v e  substance.  

p r i o r i t y ,  i t  must be emphasized t h a t  t h e  phenomenon of hyperleukocytosis w a s  

a l ready observed by Horbaczewski [19, 201 i n  1891 when feeding the  nuc le in  of 

sp leen  pulp. However, w e  approached t h e  inves t iga t ion  of t h e  e f f e c t  of organ 

extracts on leukocytosis  without any knowledge of t hese  observations.  Hor- 

baczewski i n  h i s  i nves t iga t ions  w a s  mainly concerned wi th  discovering t h e  

We /395 

I n  order  t o  avoid any content ion about 
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No e - 

9. 

10. 

I. SUBCUTANEOUS I N J E C T I O N  OF LIVER, KIDNEY, 

THYROID AND PANCREAS EXTRACTS 

In jec t ion  

5 c c m  l iver  ex- 
t ract  subcut. i n  

abd. s k i n  

I n j .  of 6.5 cc 
l iver  extract 
subcut. i n  ab- 
domen 

I n j .  of 4 cc 
kidney extract 
subcut.  i n  s k i n  
of abdomen 

T i m e  
of day 
h r  min 

June 1 0  
9:30 a m  
9:40 a m  

12:30 pm 
4:55 pm 
7:20 pm 

8:40 a m  
6:20 pm 

May 1 7  
10:20 a m  
10:25 a m  
12:40 pm 

3:20 pm 
7:20 pm 
May 18 
8:20 am 

12:45 pm 
5 : 3 0  pm 
May 19 
1O:OO a m  

May 15 
8:50 a m  
9 :00  a m  

12:20 pm 
3:lO pm 
6:05 pm 
7:lO pm 
May 16 

10:20 a m  
1:55 pm 
6:40 pm 
May 17 
9:05 a m  

June 11 

L euko cy t e* 
count 

10400 
I n j .  
9800 
9400 
9400 

10600 
10200 

9800 

11600 
I n j  a 

1 l r ) O O  
11800 
11000 

10600 
11000 
11400 

11200 

9800 
I n j  e 

8800 
8600 
8800 
9200 

9000 
8800 
8600 

9200 

General Remarks 

Tota l  dura t ion  of observa- 
t i o n  33 h r s :  no change i n  
leukocytes. 

Tota l  dura t ion  of observa- 
t i o n  48 hrs .  No change of 
leukocytes. 

Tota l  dura t ion  of observa- 
t i o n  48 hrs .  No change i n  
leukocytes. 

. .  

* The following f i g u r e s  always r e f e r  t o  counts made from t h e  blood of an  
ear vein.  - .  - _ _ _  - 
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No e - 

12. 

13. 

14. 

1. SUBCUTAKEOUS I N J E C T I O N  OF LIVER, KIDNEY,  

THYROID AND PANCREAS EXTRACTS 

I n j e c t i o n  

I n j e c t  5.5 cc 
kidney e x t r a c t  
subcut.  i n  abd. 

I n j e c t i o n  of 2 cc 
kidney e x t r a c t  
subcut.  i n  abd. 

I n j .  of 7.5 c c  
pancreas e x t r a c t  
subcutaneous i n  

abdomen 

I n j .  of 8 cc 
pancreas e x t r a c t  
subcutaneous i n  
abdominal s k i n  

Time 
of day 
hr  min 

Ju ly  3 
9:45 a m  

1O:OO a m  
12:20 pm 
2:lO pm 
4:15 pm 
6:45 pm 
Ju ly  4 
8:15 a m  
2:lO pm 
7:05 pm 

June 1 
1o:oo am 
10:15 a m  
2:45 pm 
6:30 pm 
June 2 
9:00 a m  

June ' 5 
10:15 a m  
10:30 a m  
1:OS pm' 
2:55 pm 
5:45 pm 
7:30 pm 
June 6 ' 
8:40 pm(: 
1:30 pm 
6:25 pm 

June 9 
9:15 a m  
9:25 a m  
12:lO pm 

3200 pm 
6:05 pm 
June 10 
1O:lO a m  

L euko cy t e 
count 

12200 
I n j .  
11200 
11800 
11400 
11800 

12600 
12000 
12400 

6900 
I n j  
7000 
7800 

6700 

11400 
I n j  e 

11000 
11800 

* 11000 
11200 

c) 11800 
11200 
11200 

10400 
I n j  e 

10000 
10600 
10000 

10800 

~~ ~ 

General Remarks 

To ta l  dura t ion  of observat ion 
33 hrs :  No change 

To ta l  dura t ion  of observation: 
23 hrs .  No change. 

To'tal dura t ion  of observat ion 
32 hrs .  No change. 

17 
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16. 

17. 

18 e 

P 

19 * 

18 

1 SU3C3TitNZOUS ISJECTION OF LIVER, KZ2SE'l~ 
THYBOID AXD PAXCREAS EXTUCTS 

InJ ecc ion  

I n j e c t i o n  of 8 cc  
of pancreas e x t r .  
subcutaneous i n t o  
abdominal sk in .  

Tnject ion of 2 cc 
thyroid e x t r a c t  
subcut.  i n  abd. 

I n j e c t i o n  of 3 cc 
thyroid e x t r a c t  
sub cutaneous 
i n t o  abd. s k i n  

I n j e c t i o n  of 4 cc 
thyroid e x t r a c t  
subcutaneously 
i n t o  abd, s k i n  

Time 
of day 
hr  min 

4:30 pm 
June 11 
11:05 a m  

June 14 
1O:OO a m  
10:20 a m  
1:55 pm 
4:40 pm 
7:05 pm 
June 15 
9:05 a m  
1:15 pm 
June 16 
11:lO a m  

A p r i l  4 
10:05 a m  
10:15 am 
12:lO pm 
5:15 pm 

A p r i l  5 
10:20 am 

A p r i l  *i8 
9:30 am 
9:50 am 
2:05 pm 
6:20 pm 

A p r i l  19 
11~05 a m  
A p r i l  20 
10~20 a m  

Apr i l  27 
10:20 a m  
10:35 a m  
1:05 pm 
4:lO pm 
6 : 4 5  pm 

Leuko cyre  ' 
collar 

10200 

10600 

13200 
I n j .  
13800 
12800 
13200 

13000 
13600 

13200 

10400 
I n j .  
10000 
10800 

10400 

9400 
I n j  
9600 
8800 * 

9400 

9000 

10200 
I n j  
9800 

10400 
10000 

General Iiezizr'xs 

Tota l  dura t ion  of  observa- 
t i o n  50 h r s ,  No change. /389 

d 

Tota l  dura t ion  of observa- 
t i o n  49 hrs .  No change. 

Thyroid e x t r a c t  w a s  ob- 
ta ined ready-made from 
Simon's drugs (Ber l in ) .  
Tota l  dura t ion  of observa- 
t i o n  24 hrs .  No change. 

Tota l  dura t ion  of observa- 
t i o n  48 hrs .  No change. 



4 

I. SUBCSTASBOUS ISJECTIOS GF LIVEXR, KIDXEYa 

TIiYSOID ASD PAXCREAS EXTRACTS 

I n j e c t i o n  Tina 
of day 
h r  min 

April 28 
9 : 3 0  am 
5:20 pm 

April 29 
11:05 a m  

Leukocyte' , 
count 

9600 
10200 

10400 

General Remrks  

Total duration of observation 
4 8  hrs .  No change. 

19 
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sa * - 

20 * 

21 * 

22 

* 

- .  

' 11. SUBCUTANEOUS I N J E C T I O N  OF SPLEEN, THYMUS, 

BONE MARROW EXTRACT 

I n j  ecti ,on 

I n j e c t i o n  of 2 cc 
spleen e x t r a c t  
subcutaneously 
i n t o  abd, s k i n  

I n j e c t i o n  of 1 .5  
cc sp leen  e x t r a c t  
subcutaneously 
i n t o  abd. s k i n  

I n j e c t i o n  of 8 c 

subcutaneously 
i n t o  abd. s k i n  

spleen e x t r a c t  (S 

Time - 
of day 
h r  min 

A p r i l  10  
9:45 a m  

1O:OO a m  
1:OO pm 
4:15 pm 
,7:20 pm 

A p r i l  11 
9:20 a m  
1:35 pm 
6:15 pm 

Apr i l  12 
10:05 am 

May 1 
8:20 a m  
9:05 a m  

12:OO a m  
5:30 pm 
May 2 
8:45 a m  
1:30 pm 
6:45 pm 
May 3 

10:15 ani. 
3:20'pm. 

May 9 
9:45 a m  

1O:OO a m  
1:15 pm 
8:20 pm 
May 10  
10:lO a m  

Leulco cy re 
count 

8200 
I n j  . 
4000. I 

i2400 
18200 ! 

16700 
17200 
10800 

8800. 

9500 
I n j  . 
7200 a 
2900 I 

18200 ' 
16800 
12300 ' 

10400 
9000 

10400 
I n j .  * 

3600 I 
31800 1 

29600 

General Rezarks 

F i r s t  hypo- then hyperleuko- ,, 
cy tos i s ,  a f t e r  48 h r s  back 
to  normal number of leuko- 
cytes .  

/390 

F i r s t  hypo- then hyperleuko- . 
cy tos i s  ( t r i p l e ) ,  a f t e r  49 
h r s .  c lo se  t o  normal no. of 
leukocytes. 

F i r s t  hypo- then hyperleuko- 
cy tos i s  (up t o  t r i p l e )  ; a f t e r  

("During i n j e c t i o n  of 8 cc,  t h e  animal s u f f e r s  from col lapse ,  cramps; 
recovers soon t h e r e a f t e r ,  being ru3bed and wrapped i n  warm c lo ths .  
t i o n  had probably h i t  a small ve in  and the  same occurred f o r  Murray during 
too rap id  i n j e c t i o n  of thyroid extract- i n  -man. 

The in jec-  

I 
I 

20 - 
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; 11. SUBCUTANEOUS I N J E C T I O N  OF SPLEEN, THYMUS, 

BONE MARROW EXTRACT 

I n j e c t i o n  

I n j e c t i o n  of 6 cc  
sp leen  e x t r a c t  
subcutaneously 
i n t o  abd. sk in  

I n j e c t i o n  of 5.5 
cc subcut.  i n t o  
abd. s k i n  

I n j e c t i o n  of 6.5 
cc sp leen  extract 
subcut. i n t o  abd. 
s k i n  e 

Time 
of day 
h r  n i n  

6:30 pm 
May 11 
8:45 a m  

May 26 
9:20 a m  
9:30 a m  
1 : 4 0  pm 
4:25 pm 
7:20 pm 
May 27 
1O:lO am 
4:30 pm 
May 28 
9:3.0 a m  

May 30 
9:35 a m  
9:50 a m  
11:50 a m  
12:50 pm 

. 2:lO pm 
4:35 pm 
5:55 pm 
7:05*pm 
May 31 
10~05 a m  
12:55 pm 
5:30 pm 

June 1 
8:50 a m  
4:35 pm 

June 17 
8:55 a m  
9:lO a m  
12:30 pm 
2:50 pm 
6:lO pm 
7:35 pm 

Leukocyte 
count 

23400 

26000 

8600 
I n j  . 
2600 I 
12300 
23800 I 

17400. 
12000 

9300 

10200 
I n j .  
8400 
5000 
4200 I 
9100 
13600 
21600 1 

20400 
17800 
11000 * 

10200 
11200 

8800 
I n j  e. . 
4700 
3600 I 
14200 
19800 

General Reaarks 

47 * h r s  s t i l l  hyperleukocy- 
t o s i s .  

y 

F i r s t  hypo- then hyperleuko- 
cy tos i s  a f t e r  48 h r s  normal 
number of leukocytes.  

F i r s t  hypo- then hyperleuko- 
cytosits a f t e r  31-1/2 h r s  
normal number .of leukocytes.  

- I391 

* 

F i r s t  hypo- then hyperleuko- 
cy tos i s  which a f t e r  24-3/4 
h r s .  is  s t i l l  somewhat 
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26. 

27 e 

28. 

4 

29 

22 

. .  
11, SUBCUTANEOUS I N J E C T I O N  OF SPLEEN, THYMUS, 

BONE MARROW EXTRACT 

Inject ion 

I n j e c t i o n  of 4 cc 
bone-marrow extr . 
subcut. i n t o  abd. 

I n j e c t i o n  of 2.5 
cc bone-marrow 
e x t r .  subcut. i n t o  
abd. s k i n  

I n j e c t i o n  o f  6 cc 
bone-marrow extr 
sub cutaneously 
i n t o  abd. s k i n  

I n j e c t i o n  of 6.5 

T i m e  
of day 
h r  min 

June 18  
9:55 a m  

May 2 
11:40 a m  
11:55 a m  

3:40 pm 
7:15 pm 
May 13 . 
8 : l O  a m  
2:30 pm 
May 14 

10:15 am 

May 24 
9:20 a m  
9:30 a m  

12:15 pm 
4:05 pm 
May 25 
8:25 a m  
1:35 pm 

June &5 
9:20 a m  
9:35 a m  

12:lO pm 
2:30 pm 
5:45 pm 
7:lO pm 

9:40 a m  
1:35 pm 

8:20 a m  

June 16  

June 17 

J u l y  51 
10:25 a m  
10:35 a m  

Leuko cy t e  
counr 

21400 I 

.9000’ 
I n j . ,  
8400 

19-200 I 

12800 
8600 

9300 ‘ 

8900 
I n j  . 
7600 I 

14600 .! 

11000 
9200 

10400 
I n j .  
6200 I 
8600 . 

17500 
20400 I 

18400 
12600 

10000; 

9200 
I n j  (I 

General Xeaarks 

s t ronge r  than t h e  day before .  

Hyperleukacytosis, a f t e r  
26-1/2 h r s  number of leuko- 
cy te s  normal. 

F i r s t  minor hypo- then moder- 
ate hyperleukocytosis;  a f t e r  
28 h r s  leukocyte count normal. 

F i r s t  hypo- then hyperleuko- 
c y t o s i s  a f t e r  47 h r s  normal 
leukocyte count. 



30. 

31 

32 e 

b 

11. 'SUBCUTANEOUS I N J E C T I O N  

In j e c t i o n  

cc bone-marrow 
e x t r .  

I n j e c t i o n  of 2 cc 
thymus e x t r a c t  
subcut.  i n t o  abd.' 

I n j e c t i o n  of 5 cc 
thymus e x t r a c t  
subcut.  i n t o  abd. 

I n j e c t i o n  of 6 cc  
thymus e x t r a c t  
subcut,  i n  abd. 

F SPLEEN, THYMUS, 
BONE MARROW EXTRACT 

Time 
of day 
h r  Tnin 

J u l y  31 
1:15 pm 
5:20 pm 
7:55 pm 
Aug. 1 
9:30 a m  
2:25 pm 

May 19 ' 

10:05 a m  
10:20 a m  
3:50 pm 
6:30 pm 
May 20 
12:2.0 pm 

June 7 
11:20 am 
11:55 a m  
6:50 pm 
8:lO pm 

7:15 a m  
June 8 

June 1 2  
9:lO a m  
9:30 a m  
12:15 pm 
4:30 pm 
7:lO pm 

June 13 
8:15 am 
12:45 pm 
June 14 
9:25 a m  

Leuko c y t e  
C O U i l t  

4800 ! 
13 5 00 
21800. I 

12200 

7100 
I n j .  
16400. I 
15800 

7000 1 

8000 
I n j  e 

19800 I 

9200 

17000 , 

9800 
I n j  . 
7800 I 
14600 . 
20200 : 
12600 
9400 

10200 

General Remrks 

F i r s t  hypo- then hyperleuko- 
cy tos i s  (by more than double);  
a f t e r  28 h r s  leukocyte  count 
no t  y e t  normal. 

Hyperleukocytosis, a f t e r  26 
h r s  normal leukocyte count.  

F i r s t  hypo- then hyperleuko- 
cy tos i s ;  after 27 h r s  normal 
leukocyte count. 

4 
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11. SUBCUTANEOUS I N J E C T I O N  OF SPLEEN, THYMUS, 

BONE MARROW EXTRACT 

I n j e c t i o n  

. I n j e c t i o n  of 6 cc 
thymus e x t r a c t  
subcut. i n  abd. 

Tine 
of day 
hr  min 

Ju ly  27 
9:55 a m  

10:05 a m  
1:35 pm 
4:20 pm 
7:45 pm 

9:35 a m  
4:40 pm 

J u l y  28 

Leukocyte' 
count 

9200 
I n j .  
5600. ! 

S4800 
20300 

12800 
9600 

General Xemrks 

F i r s t  hypo- then hyperleuko- 
c y t o s i s  a f t e r  30-1/2 h r s  
normal leukocyte count. 

9 



111. SUBCUTANEOUS INJECTION OF OTHER SUBSTANCES 

General Xemrks  

I n j e c t i o n  of 1 g 
hemialbumose i n  
8 cc  d i s t .  H20 

10  cc d i s t ,  water 
subcut.  i n  abd. 

3 6 .  

nuc le i c  ac id  i n  

i n t r a p e r i t o n e a l  

37 e 

nuc le i c  ac id  i n  

i n t r a p e r i t o n e a l  Animal s t i l l  ill. 

twice the  dose of the  previous 
animal shows d e f i n i t e  hypo- 
leukocytosis  and kyperleuko- 
cy tos i s  only a f t e r  28 h r s  
normal count a f t e r  64 hrs: 

25 



111. SUBCUTANEOUS I N J E C T I O N  OF OTHER SUBS.TANCES 

* 

S O  - 

38.  

39 .  

40 a 

26 

I n j  cction 

I n j e c t i o n  of .5 g 
nuc le i c  ac id  i n  
8.0 cc d i s t .  water 
i n t r a p e r i t o n e a l  

I n j e c t i o n  of 1 cc  
aqueous suspension 
of Staph. aureus 
i n t r a p e r i t o n e a l  

I n j e c t i o n  of  1.5 
cc  of same sus- 
pension i n t r a -  
p e r i t o n e a l  

Timc 
of day 
hr  min 

Dec. 15 
2:45  pm 
2:55 pm 
6 : 5 0  pm 

9:50  am 
5:35  pm 

Dec. 17 
11:40 am 
Dec. 18 
12:45  pm 
Dec. 20 
morning 

Dec. 1 6  

Apr i l  14 
9:40  am 

1O:OO am 
1:20  pm 
6:35  pm 

Apr i l  15 
9: lO a m  
4.:30 pm 

Apr i l  16. 
10: 20. am 

Apr i l  20 
8 : 5 4  am 
9 : 1 5 .  am 

1 2 ~ 0 5  pm 
6:40 pm 

Apr i l  2 1  
9:lO am 
1:40  pm 
7:35  pm 

A p r i l  22 
10:25 am 

, 

Leulco cy t e" 
count 

10800 
I n j .  
8800. 

5600 I 
6200 ! 

10200 

18400 

- 

10400 
I n j .  
4300 I 

19800 . 

24600 I 
13500 

11000 

8600 
I n j .  
3200 .P 

10800 

27400 I 
21800 
16800 

10200 

General Xemrks 

Animal qu i t e  listless, 
apparently ill. 

Even a f t e r  26-1/2 h r s  hypo- 
leukocytosis ;  only a f t e r  about 
70 h r s  moderate hyperleuko- ,-. 
cy tos i s .  
Animal somewhat l i v e l i e r ,  b u t  
still ill. 
Animal dead; d i s s e c t i o n  shows 
massive swel l ing of t he  sp leen .  

F i r s t  hypo- then hyperleuko- 
cy tos i s ;  a f t e r  48 h r s  normal 
number of leukocytes;  
S i t e  of i n j e c t i o n  g r e a t l y  
swollen. 

. F i r s t  hypo- then hyperleuko- 
cy tos i s  (more than t r i p l e )  
a f t e r  49 h r s  n o t  q u i t e  i n i -  
t i a l  count ,  

1 
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111. SUBCUTANEOUS I N J E C T I O N  OF OTHER SUBSTANCES 

I n j e c t i o n  

1 n j e c t i o n . o f  1 cc 
suspension of Bac 
pyocaneus cul- 
t u r e ,  ca. 8 days 
old;  i n t r a p e r i -  
tonea l  

I n j e c t i o n  of 2 cc 
of same suspen-. 
s i o n  i n t r a p e r i -  
tonea l  

T i m e  

hr min 
of day 

A p r i l  2 
1O:lO a m  
10:30 a m  
1:lO pm 
5:55 pm 

8:35 a m  
4:20 pm 

Apri l  9 . 

11:lO am 

Apri l  8 

Apri l  7 
9:25 a m  
9:45 a m  
12:3.0 pm 
4:lO 
7 :05 ' 

, 

Leulco cyte:l 
count 

9600 
I n j  : 
4000 
10200 

23800 
17600 

9200 

10200 
i n j  . 
3600 ! 
4100 
Death 

General Rezarks 

F i r s t  hypo- then hyperleuko- 
cy tos i s ,  a f t e r  48 1/2 h r s  
normal number of leukocytes.  

Animal very exhausted, some 
swelling e 

P 

Even a f t e r  6 112 h r s  
leukocytosis.  

hypo- 

Animal dead; d i s s e c t i o n  
showed s t rong  swel l ing 
of peritoneum, spleen en- 
larged. 
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r e l a t ionsh ip  between excre t ion  of xanthin bases and hyperleukocytosis,  not  

t h e  na ture  of t he  l a t te r  i t s e l f  e This makes t h e  viewpoints from which w e  

conducted our experiments e n t i r e l y  d i f f e r e n t  from h i s .  The co-author is  a t  

t h i s  t i m e  engaged i n  s tudying t h i s  r e l a t ionsh ip  and has b r i e f l y  reported on 

t h i s  r ecen t ly  i n  t h e  Deutsche Medizinische Wochenschrift. 

A t  t he  end of t h e  work, w e  w i l l  d i scuss  how w e  expla in  t h e  ac t ion  of t h e  

var ious  substances on leukocytosis  and s p e c i f i c a l l y  t h e  d i f fe rences  of t h e  

ind iv idua l  organ extracts. 

Now w e  come t o  a new series of i nves t iga t ions  ca r r i ed  out i n  o rde r  t o  

test  Schulz 's  concept of t h e  na tu re  of leukocytosis .  

Cr i t ique  of Schulz 's  Theory 

Schulz 's  theory has a l ready been mentioned i n  our in t roduct ion .  A t  t h i s  

po in t ,  w e  consider a more d e t a i l e d  c r i t i q u e  necessary,  and f o r  th i s  purpose 

w e  f i r s t  must d i scuss  some of h i s  experimental  r e s u l t s .  

On p. 274 of h i s  work Schulz relates t h a t  he conducted a con t ro l  opera- 

t i o n  on a dog i n  order  t o  e s t a b l i s h  i f  t h e  increased number of leukocytes 

found a f t e r  e x t i r p a t i o n  of t h e  spleen w a s  caused by t h e  e x t i r p a t i o n  as such, 

o r  only by t h e  s u r g i c a l  wound. H e  made a 4 cm i n c i s i o n  along the  l i n e a  a lba  

t o  t h e  peritoneum i n  a hea l thy  young dog, without removing t h e  sp leen  he 

sewed up t h e  var ious  l a y e r s ,  and a f t e r  4 days the  wound had healed asept i -  

ca l ly .  Schulz r epor t s  during these  four  days, q u i t e  an enormous hyperleuko- 

cy tos i s  (e.g. ,  54300,  22-1/2 h r s .  a f t e r  t h e  operat ion,  i .e.,  an increase  of 

3 7 0 % ) ;  furthermore,  t h i s  hyperleukocytosis set i n  immediately a f t e r  t h e  

operation: 62% increase  a f t e r  h a l f  an hour, 234% a f t e r  another 4-1 /2  hours. 

These r e s u l t s  are very su rp r i s ing ,  e spec ia l ly  s i n c e  they are i n  d i r e c t  

opposi t ion t o  a l l  previous observations.  The inc rease  immediately a f t e r  the 

operat ion cannot be termed posthemorrhagic, s i n c e  t h e  a n i m a l  could hard ly  
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have l o s t  much blood. On t h e  o t h e r  hand, Schulz does n o t  mention any 

s p e c i a l  precaut ions t o  w a r m  t h e  animal, w h i c h c e r t a i n l y  must have been con- 

s t r a ined .  Therefore,  t h e  exact opposi te  w a s  t o  b e  expected a f t e r  t h e  opera- 

t i o n ,  namely hypoleukocytosis due t o  cooling and r e s t r a i n t ,  L z w i t ' s  leukopenia 

which we have discussed i n  d e t a i l  above. Even i f  Schulz had a c t u a l l y  taken 

s u i t a b l e  precaut ions t o  avoid cooling, h i s  f i nd ings  would s t i l l  b e  contrary t o  

ou r s ,  f o r  we were never a b l e  t o  claim hyperleukocytosis due t o  the  ope ra t iona l  

wound alone,  avoiding cooling. 

experiment show 54,300 leukocytes 23 hours a f t e r  t h e  operation, a value which, 

i n  general ,  is  only obtained by t h e  s t r o n g e s t  i n j e c t i o n s ,  e s p e c i a l l y  when 

Schulz expressly states t h a t  t h e r e  were no s igns  of p e r i t o n i t i s  during t h e  

heal ing process of a wound designed t o  achieve hyperleukocytosis.  

of t h i s  observat ion are n o t  i n  harmony w i t h  numerous o the r s :  

test which revealed no hyperleukocytosis by i n f l i c t i n g  an abdominal wound on 

a dog and c los ing  i t  immediately; a l s o  our  experiments described above, show- 

occurs when wounds 

It a l s o  seems very p e c u l i a r  t h a t  Schulz 's  

The r e s u l t s  

Tarchanoff 's  

i n g  t h a t  no hyperleukocytosis exposing t h e  j u g u l a r  and /397 

femoral v e i n  are closed a f t e r  2-3 hours when, during t h i s  t i m e ,  hypoleuko- 

c y t o s i s  due t o  cooling i s  avoided. F i n a l l y ,  t h e  experiments of Emelianow 

[22] are t o  b e  considered, who had r e s u l t s  s i m i l a r  t o  ours.  

The numerical va lues  found by Schulz i n  spleenectomized animals a l s o  

con t r ad ic t  a l l  o t h e r  r e p o r t s  s o  far. H e  claims hyperleukocytosis a f t e r  

spleen e x t i r p a t i o n  i n  a dog only during the f i rs t  s i x  days; i n  a r a b b i t  - 
during t h e  f i r s t  10 days a f t e r  t h e  operat ion.  All experimental invest iga-  

t i o n s  published t i l l  now on t h i s  s u b j e c t  r e p o r t  t h a t  t h e  inc rease  of whi te  

blood corpuscles a f t e r  spleen e x t i r p a t i o n  l a s t e d  a t  least 1-1/2 - 2 months. 

Zesas [23] r e p o r t s  t h a t  he found a s i g n i f i c a n t  i n c r e a s e  of leukocytes mainly 

l a r g e  ones i n  t h e  blood of a r a b b i t  4 weeks a f t e r  sp l een  e x t i r p a t i o n .  Pean 

claims hyperleukocytosis i n  one case several weeks a f t e r  t h e  operation; i n  a 

second case - even a f t e r  3-1/2 months. Also, Crede [24] on t h e  b a s i s  of h i s  

f i nd ings  comes t o  t h e  conclusion t h a t  sp l een  e x t i r p a t i o n  produces hyper- 

leukocytosis  f o r  several weeks. 



From t h e s e  i n v e s t i g a t i o n s ,  i t  i s  apparent t h a t  hyperleukocytosis 

following spleen e x t i r p a t i o n  is  of much longer  du ra t ion  than Schulz descr ibes  

and is  hardly caused by in fec t ion .  Schulz considers  t h i s  t h e  main reason f o r  

t he  phenomenon, but  a t  t h e  same t i m e  h e  i s  astonished t h a t  t h i s  occurs a t  a l l ,  

s i n c e  one of t h e  blood-producing organs i s  el iminated.  

Now w e  come t o  t h e  main po in t  of Schulz' work, i . e . ,  t o  t h e  statement 

made by him t h a t  t h e  numerical d i f f e rences  found i n  hypo- and hyperleukocyto- 

sis are only due t o  a varying d i s t r i b u t i o n  of leukocytes i n  t h e  vascular  

system. H e  bases t h i s  theory on r e s u l t s  of c e r t a i n  experimental observations 

i n  which he produced hypo- and hyperleukocytosis by i n j e c t i n g  b a c t e r i a  pro- 

t e i n s  and c u l t u r e s  of b a c t e r i a ,  reaching t h e  conclusion t h a t  i f  t h e  former 

exis t  i n  t h e  p e r i p h e r a l  vessels, t h e  l a t te r  must exist i n  t h e  central ones, 

and vice versa. We s h a l l  give h e r e  some of Schulz 's  values  (see Table p. 31). 

F i r s t ,  w e  would l i k e  t o  present  some c r i t i ca l  remarks about some of t h e  

f indings.  Experiment No. 20 cannot b e  considered as having been performed 

with a normal animal s i n c e  a leukocyte count of almost 20,000 must by a l l  

present  r e s u l t s  b e  considered pa tho log ica l .  I n  experiment 22, i t  i s  no tab le  

t h a t  two d i f f e r e n t  counts from t h e  same ve in  ( s p l e n i c  v e i n ) ,  presumably made 

simultaneously, amount t o  11,600 and the o t h e r  -more than twice t h a t  much, 

28,000. Comparing experiments 19-24, it i s  immediately apparent t h a t  i n  t h e  

first two t h e  d i f f e rence  of leukocytes i n  t h e  vessels i s  much l a r g e r  t h a t  i n  

experiments 22-24, not ing only p a r e n t h e t i c a l l y  that before  t h e  count t h e  

animals had been k i l l e d  by a blow on t h e  neck. Comparing the i n d i v i d u a l  

experiments, i t  becomes apparent how much t h e  r e s u l t s  d i f f e r  among themselves. 

One t i m e  Schulz f i n d s ,  f o r  i n s t ance ,  i n  t h e  p o r t a l  ve in  2-1/2 t i m e s  more 

leukocytes t h a t  i n  t h e  ear ve in  (experiment 20); another  t i m e ,  hard ly  t w i c e  

t h e  amount (experiment 21);  a t h i r d  t i m e ,  t h e  same amount i n  both veins  

(experiment 24). 

cytes  as t h e  ear v e i n  (experiment 19 ) ;  i n  another  experiment (21), t he  

r e l a t i o n s h i p  i s  9,900:23,100; i n  a t h i r d ,  8,800:5,800. A l l  i n  all, experiments 

19-24 hard ly  contain two values  which correspond w i t h  one another r e l a t i v e l y  

speaking a 

/398 

One t i m e  t h e  i n f e r i o r  vena cava contains  2/3 as many leuko- /399 
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' '1 animals wi th  i n j e c t i o n s  normal animals ' - . . -1 I 
Get8dtct. -- I 19. 20. I 21. I 22. I ,231 

R. e a r v e i n  . 1195 
I,. ea r -ve in  . . 

stomach v e i n .  . 
kidney ve in .  a 

V. mcscnt. sup. . 
IT. nicscnt. inf. . 
Y. portae . . . . 
V. hcpntica . . . 
V. subcl. sinistra 
ilorta aldom. 
V. feniornlis . . . 

spleen a r t e r y  
\'. cn\'a 1111. . r-. 
Vcntr. dexter . . 
Vcntr. sinister. . 

,small i n t e s t i n e  arter3 
s m a l l  - i n t e s t i n e  ve in  

V. jug. sin. . . . 
v. cava sup.. . . 
V. rcnalis . . . . 
Art. carotis . . . 

l a r g e  __ i n t e s t i n e  -_ vein - 

17?0 

7% 

. .  

I 1 

36100 . ( l l~OO(l330 
25000 15c0 

. 3400 930 

1SiOO . 
. (15101 

49800 I :  ais00 145001 . 

21. 1 52. 1 53. 1. 54. 

0250 66900 5600 7990r . 3300 , . ' 21000 . s8oc 

9400 4 ~ i o o  wioo ioioc 
. 15000 , 

7600 23600, 18500 2220( 

1900 . . GiOO 

: 15900 26GOO 

9800 3iOO 
7200 . 
7100 
8500 . ' 6900 . 
: 16000 . 20ioo 

! 
56. 

59800 
- 

52iOO 
31300 

* I  

?io0 . .  

.-' 
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This is  even more apparent i n  experiments 52-56. F i r s t l y ,  t he re  are 

several values  which can hard ly  be  in t e rp re t ed .  

i n s t ance ,  t h e  value of 79,900 which Schulz found i n  t h e  ear ve in  w a s  6,900 

1-1/4 hours before  t h a t  (8,600, i n i t i a l l y ) .  

t o  hyperleukocytosis t o  our  knowledge has  never  been observed. 

55, a f t e r  i n j e c t i n g  2.0 s t e r i l i z e d  c u l t u r e  of Streptococcus pyogenes, Schulz 

f inds  14,600 two hours la ter  i n  t h e  l e f t  ear ve in ,  whi le  a t  t h e  same t i m e  - 
71,800 leukocytes  i n  t h e  r i g h t  ear vein.  

a t tempt ,  some of t h e  l i q u i d  had been placed under t h e  s k i n  near  t h e  ve in  of 

t h e  r i g h t  ear. After two hours ,  t h e  same re l a t ionsh ip  s t i l l  held:  l e f t ,  

11,900; r i g h t ,  74400. Also, i n  t hese  experiments t h e  values  do not  agree: 

thus  once (experiment 52) hyperleukocytosis is  claimed i n  t h e  ear ve in  while  

t h e  p o r t a l  ve in  carries only one t h i r d  of t h e  leukocytes.  

I n  experiment 54, f o r  

Such a rap id  change from hypo- 

I n  experimenr 

Due t o  an unsuccessful i n j e c t i o n  

Another t i m e ,  
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a l m o s t  t he  same number w a s  found (experiment 56 ) ;  a t h i r d  t i m e  - one-eighth 

(experiment 5 4 ) .  

count from the  d i f f e r e n t  ves se l s  f o r  almost a l l  animals w a s  done a f t e r  they 

had been k i l l e d  beforehand. 

But, here  again,  w e  have t o  emphasize t h a t  the  leukocyte  

~ 

i 
Comparing a l l  t h e  experiments mentioned, two th ings  s tand  out:  f i r s t ,  

t h e  g rea t  d i f f e rences  i n  t h e  var ious vessels of t h e  same animal. Also, t h e  

f a c t  t h a t  a n i m a l s  wi th  enormous hyperleukocytosis i n  t h e  ear vein showed 

hardly any i n  t h e  o t h e r  vessels, i n  con t r a s t  t o  t h e  animal which showed a 

d e f i n i t e  hyperleukocytosis i n  t h e  ear vein and a l s o  an increase  of white  

blood corpuscles i n  a l l  o t h e r  vessels. On t h e  b a s i s  of t hese  r e s u l t s ,  Schulz 

e s t ab l i shed  h i s  theory on t h e  na ture  of  leukocytes.  But t h i s  seemed t o  us 

hard ly  p l aus ib l e ,  s ince  on f u r t h e r  s c ru t iny  w e  found too many cont rad ic t ions  

and inexpl icable  r e s u l t s ,  bu t  a l s o  because a review of t he  l i t e r a t u r e  on 

leukocytosis  d id  no t  show such r e s u l t s .  

have observed t h a t  blood becomes r i c h e r  i n  leukocytes toward t h e  per iphery,  

bu t  they had not  a r r ived  a t  a theory analogous t o  Schulz 's .  

t o  our own conclusion about Schulz 's  observat ions,  w e  have repeated h i s  

experiments. We inves t iga t ed  t h e  var ious  ves se l s  i n  normal, as w e l l  as i n  

i n j e c t e d  r a b b i t s  i n  states of hypo- and hyperleukocytosis,  However, w e  

observed several precaut ionary measures which Schulz seemingly had ignored, 

which probably l e d  him t o  r e s u l t s  s o  d i f f e r e n t  from ours .  F i r s t ,  w e  ascer- 

ta ined  i n  t h e  manner descr ibed above t h a t  t h e  animals d id  no t  cool during the 

experiment, then a l s o  - and t h i s  i s  of g r e a t e s t  importance as is  apparent 

from t h e  following - we never k i l l e d  t h e  animal beforehand, but  always 

t e s t e d  t h e  l i v i n g  vessels. Therefore, w e  had t o  l i m i t  ourselves t o  counting 

from fewer vessels than Schulz d id  i n  o rde r  t o  a r r i v e  a t  co r rec t  r e s u l t s .  We 

a l s o  consider  t h i s  precaut ion necessary,  s i n c e  counting from s o  many vessels 

causes t h e  p a r t i c u l a r  animal t o  l o s e  much blood a f f e c t i n g  t h e  experimental 

r e s u l t s  

Only REmer ,  and la ter  on Rieder, 

/400 

I n  order  t o  come 

For the  sake of c l a r i t y ,  w e  w i l l  p resent  our f ind ings  i n  t abu la r  form, 

similar t o  Schulz 's  p resenta t ion .  

b r i e f l y  draw t h e  following conclusions : 

From these experimental  r e s u l t s ,  w e  can I 
1 
1 
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A. COUNTS I N  A STATE OF 

I n j e c t i o n  

I n j e c t i o n  of 6 
cc sp leen  extrac 
sub cutaneous i n t  
ab domen e 

In j ec t ion  3 cc 
spleen extract 
i n t o  abdominal 
s k i n  subcuta- 
neous l y  

I n j e c t i o n  of 5cc  
bone-marrow ex- 
t r ac t sub cut  a- 
neously i n t o  
abdominal s k i n  e 

T i m e  
of day 

June 23 
3:OO pm 
June 24 
9 : 0 0  a m  
2:30 pm 
2:40 pm 

2:50 pm 

3:OO pm 
3:05 pm 

3:lO pm 
3:40 pm 

Ju ly  5 
1 : O O  pm 
J u l y  6 

1O:OO am 
11:OO am 
5:30 pm 
5:35 pm 

5:38 pm 

5:43 pm 
5:47 pm 
5:52 pm 

5:55 pm 

5:57 pm 
6:02 pm 
6:03 pm 

J u l y  10 
6:20 pm 
6:25 pm 
J u l y  11 
10~55 am 
11:20 am 
11~25 am 
11~27 am 
11~31 am 

' S i t e  of 
count 

E a r  ve in  

d i t t o  
d i t t o  

Fem . art  

d i t  t o  

d i t t o  
pe r iphe ra l  
ca l f  ve in  
Fem.vein 

R t  . h e a r t  
Lf t .hea r t  

E a r  ve in  

d i t t o  

Ear ve in  
per iphera l  
ca l f  ve in  
Fem . ve in  

Fem.art.1. 
Fem. a r t .  r . 
V.cava inf  

Aorta abd. 

E a r  ve in  
R. Ventr i  . 
L e Vent r i  e 

Ear ve in  

d i t t o  
d i t  t o  

Fem-vein 1 
Fern-vein r 

Fem e ar t  

PERLEUKOCYTOS I S  

Leukocyte 
number/l cmm 

7200 

,24000 
14500 

1 ;E 
7600 
8800 
8400 
136 00 
(12800 
10200 
19400 
64000 ! 

9400 

17600 

19200 

17800 
10400 
11000 
10 60 0 
10200 
7800 
8600 
7600 
6800 
20400 
8200 
7400 

10200 

21400 
20800 
17600 
17000 
16200 

General 
remarks 

Animal co l lapses ,  
d i e s .  
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A. COUNTS I N  

I n j e c t i o n  

I n j e c t i o n  of 5 c 
bone-marrow ex- 
t r a c t  s ub cu t  a- 
neously i n t o  
abdominal s k i n -  

I n j e c t i o n  of 3 c 
Bacterium pyo- 
cyaneus p r o t e i n  
sub cutaneously 
i n t o  abdominal 
sk in .  

T i m e  
of day 

J u l y  11 
11:36 a m  
11:40 am 
11:43 a m  
11:44 a m  
1 1 ~ 4 5  am 

J u l y  10 
6:40 pm 
J u l y  17 

10:55 a m  
11:20 am 
11:25 am 
11:40 am 
11:45 am 
11:52 am 
11:54 am 
11:56 a m  
11:57 am 

STATE OF Ei 

' S i t e  o f  
count 

V. ing  ext . 
Aorta abd. 

V. cava inf 
L. Vent r i  - 
R. Ventri  

Ear v e i n  

d i t t o  
Fem. v e i n  

Fem.art 
V. r e n a l i s  
V. hepat ica  
V. l i e n a l i s  
V.cava i n f .  
R. Ventri .  
L.Ventri. 

PERLEUKOCY TO S I  

Leuko cy t e 
numberjl cmm 

17800 
11600 
12800 

9800 
10800 

10600 

31600 
25200 
23000 
18600 
32000 
44 600 
25800 
28600 
39400 

General 
remarks 

Animal d i e s .  

The tremendous 
inc rease  i n  t h e  
number of leuko- 
cytes  i n  t h e  
c e n t r a l  vessels 
a f t e r  death is 
notab le  (cf Schulz).  

I 



B. COUNTS I N  A STATE OF 

I n j e c t i o n  

I n j e c t i o n  of 5 c 
spleen e x t r a c t  
subcutaneously 
i n  the  ab domina1 
sk in .  

In j ec t ion  of 3 C I  

spleen extract 
sub cut  aneous l y  
i n t o  abdominal 
Skin. 

In j ec t ion  of 3 cc 
Bacterium pyo- 
cyaneous p ro te in  
sub cutaneously 
i n t o  abdominal 
sk in .  

T i m e  
of  day 

June 29 
1 : O O  pm 
1 : 2 5  pm 
4:OO pm 

4 : 0 5  pm 

4 : 1 2  pm 

4 : 1 5  pm 
4:17 pm 

4:20 pm 
4 : 2 1  pm 

June 30 
2:OO pm 
2:05 pm 
J u l y  1 
8:OO am 

12:30  pm 
4:OO pm 
4: lO pm 

4:15  pm 

4:18  pm 
4 : 2 1  pm 

4 : 2 2  pm 
4 : 2 4  pm 

Ju ly  4 
L0:OO a m  
12:40 pm 
12 :45 pm 
12:50 pm 
12:54 pm 
12:57 pm 
1 2 ~ 5 9  pm 
1 : 0 3  pm 
1 : 0 5  pm 

S i t e  o f  
count 

Ear ve in  

d i t t o  

Fem. art .  

Feme ve in  

V,cava i n f  
Aorta abd. 

R. Vent r i  . 
L. v e n t r i  . 

Ear '  ve in  

d i t t o  

d i t t o  
Fem. a r t .  

Vena fem. 

Aorta abd. 
Vena cava 

R.Ventri. 
L . Vent r i  . 
Ear ve in  

d i t t o  
Fem.vein 
Fem. art  e 

V. l i e n a l i s  
V.cava i n f  
Aorta abd. 
Re Ventri .  
Le Ventr i  e 

i 
f 

YPOLEUKO CYTOS I S  I 
1 

Leukocyte 
numberll cmm 

8200 

-! E: 
i ;E 

{ ;E 

1. 4800 1 4000 
1800 

4600 
2200 

10200 

23600 , 

340 0 
2600 
2000 i ;;Eo" 

{ ;::E 
1800 

1600 
2400 

9 800 
300 0 
2000 
1600 
8200 I 
1400 
1600 
1000 
1400 

Gezeral 1 
remarks t 

1 

/402  

i 

The high count 
from t h e  l i e n a l i s  
vein is remarkable. 
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N O  

50 

51 

52 I 

36 

I n j e c t i o n  T i m e  
of day 

June 27 
1 : O O  pm 
1:20 pm 
1:35 pm 

1:45 pm 
1:50 pm 

June 28 
1O:lO am 

J u l y  12 
11:40 am 
11:45 am 

11:55 am 

12:OO pm 
12:04 pm 

12:06 pm 

12:09 pm 

J u l y  1 8  
12 :10 pm 
12:ZO pm 
12:50 pm 
12:55 pm 
1:05 pm 
1:lO pm 
1:12 pm 

S i t e  of 
count 

Ear ve in  
Peripheral  

Fem.vein 

Ear ve in  
Fem. art .  

E a r  ve in  

E a r  vein 
Fem. art .  

Fem. ve in  

V. cava. 
Lrt . r ena l i s  

L . Vent r i  . 
R. Vent r i  . 

E a r  ve in  
Fem. a r t .  
Fem. vein 

T .  hepat ica  
r .  r e n a l i s .  
Le Ventr i  e 

R. Vent r i  . 

Leukocyte 
number/l cmm 

11000 
10 800 

7800 1 6800 
12200 

{ 2::: 

{ :E 
{ :% 

23% < 

12800 

10800 

2800 

j 3000 
1 2800 

2 600 

7200 
4200 

11000 r 
56000 I 
85000 I 
12.000 1 
29600 I 

General 
remarks 

Death 
The tremendous 
increase  i n  the  
number of leuko- 
cytes  i n  the  cen- 
t ra l  blood vessels 
a f t e r  death is 
remarkable (cf 
Schulz), * 



The d i s t r i b u t i o n  of white  blood corpuscles i n  t h e  blood of an animal 

organism d i f f e r s ,  bu t  follows a constant r e l a t ionsh ip .  I n  a l l  circumstances, 

normal, as w e l l  as ar t i f ic ia l . ,  hypo- and hyperleukocytosis , t h e  pe r iphe ra l  

vessels always contain a l a r g e r  amount of leukocytes than t h e  c e n t r a l  ones. 

There i s  a proport ionately high number of leukocytes i n  t h e  c e n t r a l  vessels 

a t  t h e  t i m e  w e  claim there i s  an increase i n  t h e  pe r iphe ra l  ves se l s .  "he 

same th ing  i s  observed i n  reduced a r t i f i c i a l  hypoleukocytosis f o r  t h e  e n t i r e  

blood stream, i n  a l l  vessels access ib l e  t o  us f o r  counting. 

test  r e s u l t s ,  w e  must d e f i n i t e l y  reject Schulz 's  concept of t he  na tu re  of 

leukocytosis ;  w e  w e r e  never ab le  t o  observe, as h e , d i d ,  during e x i s t i n g  hyper- 

leukocytosis  i n  t h e  pe r iphe ra l  vessels a corresponding reduction i n  t h e  c e n t r a l  

ones and vice versa, i . e . ,  hypoleukocytosis i n  t h e  former compensated by an 

increase  of white  blood cells i n  t h e  l a t te r .  

According t o  our /404 

It i s  no t  necessary h e r e  t o  examine what caused t h e  d i f fe rences  between 

our t es t  r e s u l t s  and those of Schulz. This  i s  p a r t i c u l a r l y  d i f f i c u l t ,  s ince  

Schulz 's  work does n o t  s u f f i c i e n t l y  descr ibe the test arrangement. However, 

t he  importance of t h e  test arrangement and the  numerous and considerable  e r r o r s  

which may arise has  a l ready been shown. We only wish t o  i n d i c a t e  a few poin ts  

which perhaps expla in  t h e  d i f fe rences  between t h e  r e s u l t s  of Schulz and our 

r e s u l t s :  uniform warming of t h e  experimental  animal, i .e . ,  avoiding hypo- 

leukocytosis  by cooling (LEwit's leukopenia),  always using new, unused animals, 

taking blood from r e l a t i v e l y  few vesse l s  i n  order  t o  avoid e r r o r s  due t o  ex- 

cessive blood l o s s ;  and e s p e c i a l l y  not  k i l l i n g  t h e  animals before  t h e  l a s t  

count. 

where a series of counts were made a f t e r  sudden death,  i .e. ,  death caused by 

a blow on t h e  neck. I n  t h i s  case, however, w e  received completely d i f f e r e n t  

r e s u l t s  from a l l  of our  o t h e r  experiments - t h a t  is,. very high numbers of 

leukocytes i n  the  c e n t r a l  vessels which w e r e  no t  found anywhere else, e.g., 

85,000 i n  the' r ena l  ve in ,  29,600 i n  t h e  r i g h t  v e n t r i c l e ,  e tc ,  But i n  t h i s  

case one cannot speak of a l eg i t ima te  d i s t r i b u t i o n  of leukocytes i n  t h e  

blood stream, and w e  are deal ing with such undeterminable inf luences  as death 

upon t h e  d i s t r i b u t i o n  of the white blood cells. 

reach any conclusions from these  post-mortem counts. 

The importance of t h i s  l as t  poin t  becomes apparent from Experiment 52 /405 

I n  my est imat ion,  w e  cannot 

But i n  most of t h e  
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, animals wi th  i n j e c t i o n  
IIypcrl cuko cyt o s c . 1 Hypolcukocytosc. 

I normal \ animals 
I I 

R. ear v e i n ,  r. 11100 
II. 12500 

L. ea r  v e i n .  I -  III. i2soo 
Perivher. 

.lower l e g  v e i n  IOSO~: 
R. Y. fcnior;llis 7 

It. Art. fcinornlis 

Art. rcnnlis . . . 
Vena cnvn inf. . 
Aorta nbdom. . . 
Ycna licnalis . . 
R v e n t r i c l e  

v e n t r i c l e  
Id. V. fernoralis . 
11. Xrt. fcmornlis. 
V. jug. est. sin. . 
V. rciialis . . . . 
V. liepntica . . . 

- 

( E: 
{ E;: 

I iosoo 

(7.fOO 
\7200 

(76% 
(;::E 
2soo 

2600 

' . 13600 
, 10200 

.. 
' . l9iOO 

: 10600 

.. G4000! 

19.700' 214001 31600 
20400' 2osoo .. 
I7800 

{ ;ME 
17000 25200 

10200 1G?OO 23000 

44600 ! 

. 17600 . 
17SOO 

* 

. 18660! . 32000! 

. - - -- 

1400 

1 GOO 

5.100 
1000 
1400 

experiments Schulz t e s t e d  t h e  ves se l s  a f t e r  t he  a n i m a l  had been k i l l e d  by a 

blow on t h e  neck. 

t h e  d i f f e rence  between Schulz 's  r e s u l t s  and ours .  

work can w e  e l abora t e  on t h e  la t ter ,  when we w i l l  at tempt t o  expla in  t h e  

na tu re  of hypo- and hyperleukocytosis.  

These b r i e f  remarks may s u f f i c e  t o  expla in  t o  some degree 

Only a t  t h e  end of our  

L z w i t  ' s  Leukolysis 

From t h e  experiments mentioned i n  t h e  previous chapters ,  we can see 

t h a t  w e  always observed hypoleukocytosis preceding hyperleukocytosis from our 

numerous counts. Thus t h e  suppos i t ion  t h a t  L z w i t ' s  theory w a s  v a l i d  emerged: 

Leukocytosis (hyper-) c o n s t i t u t e s  a temporary inc rease  above normal of 11 

leukocytes i n  a l l  of t h e  blood preceded by a reduct ion caused by var ious 

f a c t o r s ,  including increased i n f l u x  of immature leukocyt ic  elements from 
- 
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blood-forming organs. Leukocytosis probably arises i n  a l l  cases of t h e  

des t ruc t ion  o r  disappearance of leukocytes i n  t h e  blood." 

1 

I n  t h e  following series of  experiments, w e  t r i e d  t o  discover t h i s  re- 

l a t i o n s h i p  between'hypo- and hyperleukocytosis,  which according t o  L E w i t ,  

exists by conducting the  experiments i n  an analogous manner t o  h i s .  Indivi-  

dua l  modif icat ions of test arrangements which w e  considered s u i t a b l e  have 

been described a t  t h e  beginning. W e  warmed t h e  test animal uniformly, and 

t h e  animals used i n  t h e s e  experiments were almost always f r e s h ,  o r  when 

previously t e s t e d  animals were t o  b e  used f o r  new experiments, i t  w a s  only 

a f t e r  t h e  change i n  leukocytosis  w a s  completely normal again,  i .e . ,  w e  could 

determine t h e  o r i g i n a l  normal number of white blood corpuscles.  F i r s t ,  w e  

re-examined LGwit's experiments wi th  some of t h e  substances used by him, 

s p e c i f i c a l l y ,  hemialbumose. Later on, w e  used pr imar i ly  those organ extracts 

which, according t o  ou r  tests, were equivalent  t o  t h e s e  substances wi th  regard 

t o  t h e i r  e f f e c t  on leukocytosis .  

da ta .  

F i r s t  of a l l ,  w e  s h a l l  g ive  our experimental  

It i s  c l e a r l y  apparent from these  and earlier experiments t h a t  every 

hyperleukocytosis i s  preceded by a more o r  less considerable  hypoleukocytosis 

and only i n  s i n g l e  p o i n t s  do ou r  test  r e s u l t s  d i f f e r  from L z w i t ' s .  

nec t ion  wi th  our p r e s e n t a t i o n  i n  t h e  previous chapter ,  w e  need t o  q u a l i f y ,  

above a l l ,  L g w i t ' s  s ta tement  t h a t  hypoleukocytosis produced by i n j e c t i o n s  i s  

equal i n  a l l  blood vessel regions.  It can, however, b e  claimed t o  exist  both 

i n  t h e  p e r i p h e r a l  and t h e  c e n t r a l  vessels , thereby supporting L z w i t  's conten- 

t i o n  t h a t  during t h e  s ta te  of hypoleukocytosis, t h e r e  is  no compensatory 

hyperleukocytosis t o  b e  found i n  any vessel, Regarding t h e  speed of develop- 

ment of hypoleukocytosis following t h e  i n j e c t i o n s  i t  is  L g w i t ' s  opinion t h a t  

t h e  h ighes t  degree i s  a l ready  reached a f t e r  seconds. The t e s t  r e s u l t s  of t h e  

s tuden t s  of Alexander Schmidt support  t h i s  opinion, which ind ica t ed  a minimum 

I n  con- 

number of leukocytes a l ready a t  t h e  t i m e  of t h e  f i b r i n a s e  i n j e c t i o n  ( f i b r i n  

enzyme), c u l t u r e s  of p u t r e f a c t i o n  and o t h e r  substances.  We were never a b l e  

t o  achieve such a r ap id  production of hypoleukocytosis a f t e r  t h e  i n j e c t i o n  of 

o u r  substances;  t h e  maximum w a s  reached only several minutes a f t e r  i n j e c t i o n .  
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53 0 

54.  

55 .  

56 ,, 

I n j e c t i o n  

In j ec t ion  of 6 c( 
8% s o l u t i o n  of 
hemialbumose intc  
l e f t  ex t e rna l  
j ugular  ve in  

I n j e c t i o n  of 6 cc 
of same substance 
i n t o  l e f t  exter- 
n a l  j u g u l a r  ve in .  

In j ec t ion  of t h e  
same substance 
i n t o  t h e  l e f t  
external jugu la r  
vein.  

In j ec t ion  of 6 c( 
of same substanct 
i n t o  l e f t  exter-  
n a l  j ugular ve in ,  

Time 
of day 

September 10 
12:25  pm 

12:32.45 pm 
12:33'.10 pm 
12:33.15 pm 
12:41.22 pm 
12i46.35 pm 
12:58.- pm 

1:17.25 pm 
1:33.- pm 

September 11 
2:-.- pm 
2 ~ 0 1 . 3 0  pm ' 

2 ~ 0 1 . 4 5  pm 
2305.28 pm 
2 ~ 0 5 . 4 0  pm 
2 ~ 1 2 . 5 5  pm 
2:15.25 pm 
2.26.22 pm 
2 ~ 2 8 . 0 8  pm 
2 ~ 3 6 . 2 8  pm ~_ - 

September 18  
1 ~ 2 0 . -  pm 

v1:25.02 pm 
1:28.50 pm 
1:29.30 pm 
1:34.05 pm 

September 23 
1:20.- pm 
1:24.10 pm 

' 1 :28 .40  pm 
1:31.30 pm 
2:02*- pm 

Leukocyte * 

10200 (Ear vein)  
(5,350,000 Er.) 

I n j  e 

1400 I 
(5,300,000 Er.) 

3400 
3000 
4200 
5 800 
5400 

8200 
I n j .  
6600 
2600 

Fem. ar t .  3400 
3000 

Fem.art. 1000 1 
Fem.art. 2600 

2400 
6200 

8200 
I n j .  
3400 
1800 3 

600 I, 

7600 
I n j  e 
4200 I 
1800 
3200 

General 
remarks 

Strong hypoleukocy- 
t o s i s  a f t e r  25 sec. 

The animal i s  used 
f o r  o the r  purposes. 

Maximum hypo leuko- 
cy tos i s  observed i n  
the  a r t e r y  a f t e r  14 
minutes 

The animal d i e s  1 / 2  
hour a f t e r  t h e  ex- 
periment. 

/407  '-' 
Maximum hypoleuko- 
cy tos i s  a f t e r  9 min. 

Animal used f o r  
other  purposes e 

Maximum hypoleuko- 
cy tos i s  a f t e r  approx. 
7-1/4 min. 

I f  no o the r  d a t a  are given, the number of leukocytes r e f e r s  t o  the  counts 
made from t h e  femoral vein.  
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KO e 

56 .  

57. 

58 .  

. 59. 

I n j e c t i o n  

I n j e c t i o n  of 8 c 
spleen e x t r a c t  
i n t o  l e f t  exter-  
n a l  j ugu la r  ve in  

In j ec t ion  of 6 c 
spleen extract 
i n t o  l e f t  exter- 
n a l  j ugu la r  vein 

I n j e c t i o n  of 6 c 
spleen extract 
i n t o  external 
j ugular  vein 

Time 
of day 

September 23 
2:08.32 pm 
2:lO.- pm 

September 14 
1:500-  pm 
1-54.20 pm 
1:57.40 pm 
2:-.50 pm 
2:03.50 pm 
2:07.12 pm 
2:07.30 pm 
2:14.10 pm 
2:18.15 pm 
2:21.40 pm 
2:22.08 pm 
2:30.30 pm 
2:30.48 pm 
2:35.25 pm 
2:36.20 pm 
2:45.58 pm 
2:46.35 pm 
3:06.05 pm 
3:06.30 pm 

September 16 
1:35*- pm 

1:38.02 pm 
1:40.10 pm 
1:42.- pm 
1 ~ 4 5 . 2 8  pm 
1:47.55 pm 

September 23. 
9:-.- a m  
9:15.- a m  

10:45.- am 
11~50~- a m  ' 

12 ~30.-  pm 
1 ~ 4 7 ~ -  pm 

Leukocyte 

5800 
6600 

7200 
I n j .  

12 00 
1200 

80 0 
2800 

600 I 

E a r  vein 11200 

E a r  ve in  1800 
E a r  ve in  1200 

E a r  vein 800 

Ear vein 1800 

Ear ve in  3800 

Ear ve in  13600 

3200 

2 800 

3200 

42 00 

4800 

9800 

I n j  e 

5400 . 
V. jug .  600 ! 

Atr. dextr .  1000 
Ventr.dextr.  600 

Ear ve in  14600 

Ear vein 10200 

E a r  vein 8800 
E a r  ve in  21000 
Ear ve in  25600 
Ear ve in  27400 

I n j  . 

General 
remarks 

A n i m a l  used f o r  micro- 
scopic  examination. 

Th es e experiments 
show t h a t  t he  number 
of leukocytes i n  t h e  
var ious ves se l s  v a r i e s  
during i n i t i a l  develop- 
ment of hyp oleuko cy t o- 
sis,  but soon t h e  
normal r e l a t ionsh ip  
between pe r iphe ra l  and 
c e n t r a l  vessels de- 
velops. The animal i s  
used f o r  microscopic 
inves t i g a r  ions.  

- .  

Naximum hypoleukocyto- 
sis a f t e r  4 minutes. 

Animal d i e s .  

a .  

Inc is ion  is  s t i t c h e d ,  1408 - 
the  animal i s  put 
i n t o  the  cage wrapped 
i n  warm c lo thes .  After 
2-1/2 h r s  e hyperleu- 
kosis  has doubled. 
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- 
No e 

59. 

60. 

61. 

42 

' I n j e c t i o n  

I n j e c t i o n  of 8 cc 
sp leen  extract 
i n t o  external jug 
u l a r  vein. 

Xnjection of 8 cc 
spleen extract 
i n t o  l e f t  exter- 
n a l  j ugular  vein. 

T i m e  
of day 

September 23 

September 25 
1:40*- pm 
1 . ~ 4 4  .- pm 
1 ~ 4 4 . 4 5  pm 
1:46.40 pm 
1:48.50 pm 
1:51.- pm 
1:52.45 pm 

September 27 
1:43.35 pm 
2:13.05 pm 
2:13.50 pm 
2t15.30 pm 
2:17.45 pm 
2:21.10 pm 
2:24.10 pm 
2:24.30 pm 

i 

Leukocyte 

15200 I 
I n j  . 
5800 
6800 
5400 
3000 
2600 

Ear ve in  9500 
V. fem. 6200 

In j .  
V. fem. 3400 
Ear vein 5800 
V. fem. 1890 
Ear ve in  4200 
Ear vein 4600 
V. fem. 1000 1 

General 
remarks 

A n i m a l  i s  used f o r  
microscopic examina- 
t i o n s  

Animal is  k i l l e d  f o r  
purpose of micro- . 

scopic  examination. 

/409 

Maximum hyp 01 euko - 
c y t o s i s  a f t e r  11 m i n e  
25 sec. 

. . .. . . . .~  ~. 
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61. 

- -____ - ______ - -~ 

I n j e c t i o n  of 8 cc sp leen  e x t r a c t  i n t o  jugu la r  vein.  

Note:  The o rd ina te  shows t h e  number of leukocytes;  t h e  
absc issa  gives  the  minutes. The marks on t h e  curves show t h e  
times of leukocyte count,  

The upper 
femoral vein.  

curve refers t o  t h e  e a r  ve in ;  the  lower  t o  t h e  

September 27 
2 :29 .40  pm 
2 ~ 3 0 . 0 5  pm 
2 :36 .15  gm 
2 :36 .50  pm 
2 : 4 9 . 1 5  pm 
2 :50 .35  pm 
3:04 .45  pm 
3 :05 .20  pm 
3 :23 .30  pm 
3 :24 .20  pm 
3 :35 .50  pm 
3:36 .25  pm 
3 : 4 7 . 2 0  pm 
3:47 .50  pm 
4:-.10 pm . 
4:--35 pm 
4 ~ 1 4 . 3 0  pm 
4 :14 .55  pm 
4:27 .40  pm 

Ear ve in  3200 
V. fem. 1600 

Ear ve in  4600 
V. f e m .  1200 

Ear ve in  6600 
V. fern. 3000 

Ear ve in  6400 
' V. fem. 3400 
Ear ve in  7600 

V. fem. 4800 
Ear ve in  6900 

V. fern. 4200 
Ear ve in  6600 

V. fem. 4800 
Ear vein 7400 

V. fem. 5000 
Ear ve in  8200 

V. fem. 5600 
Ear ve in  10600 
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X O  rn 

61. 

62. 

63. 

44  

. I n j e c t i o n  

I n j e c t i o n  of 8 cc 
spleen extract 
i n t o  l e f t  exter- 
na l  j u g u l a r  ve in  e 

I n j e c t i o n  of 8 cc 
bone marrow ex- 
t r ac t  i n t o  l e f t  
external jugu la r  
vein e 

Time 
of day 

4 

September 27 
4:28.40 pm 
4 ~ 4 3 . 5 5  pm 
4:44.50 pm 
5 :Ol.- pm 
5:01.25 pm 
5:14.30 pm 
5:14.55 pm 
5 ~ 3 5 . 2 5  pm 
5:41.50 pm 
5:47.05 pm 

November 16 
5:-.- pm 
5 ~ 1 0 . 3 5  pm 
5:13.10 pm 
5:14.30 pm 
5:16.28 pm 
5:18.45 pm 
5:21.20 pm 
5:25.23 pm 
5:30.35 pm 
5:37.20 pm 
5:49.50 pm 
6:-.10 pm 
6:14.30 pm 
6 :26 .- pm 

9:30*- am 
November 17 

October 22 
5 :40 #- pm 
5 ~ 4 9 . 0 4  pm 
5:50.06 pm 
5:51.07 pm 
5 ~ 5 3 . 5 3  pm 
5 ~ 5 6 . 2 3  pm 
6:02.10 pm 

Leukocyte 

v. fem. 
Ear vein 

V. fem. 
E a r  .vein 

V. fem. 
Ear ve in  

V. fem. 
V. fem. 

E a r  ve in  
V. fem. 

7000 
100 00 
6400 
14200 
8600 
17200 
12800 
12400 
19000 
14800 

7600 

,1600 
1000 I 
1400 
1800 
1400 
2200 
2800 
3000 
3600 
4200 
5000 
6400 

Ear vein 18800 

7200 
I n j .  
5200 
36 00 
2600 
1800 ! 
2200 

General 
remarks 

Af te r  3 hours ,  34 
m i n .  hypoleukocyto- 
sis is  more than 
double. A n i m a l  
used f o r  microscopic 
tests. 

Af t e r  3 min. 55 sec. ,  
m a s  i m u m  hyp oleuko- 
cy tos i s  e 

\ 

Maximum hypoleuko- 
cy tos i s  a f t e r  7 m i n .  
20 sec. Note: i t  
is  no t  as s t rong  as 
w i t h  spleen extract .  
A n i m a l  used f o r  micro- 
scopic  investigation.,  
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I n j e c t i o n  

I n j e c t i o n  of 8 c 
bone marrow ex- 
t r a c t  i n t o  l e f t  
external jugu la r  
vein. 

I n j e c t i o n  of 0.2 
g n u c l e i c  ac id  
i n  3.2 cc d is -  
t i l l e d  water inti 
l e f t  external 
jugu la r  vein.  

I n j e c t i o n  of  4 C I  

pancreas extract 
i n t o  l e f t  exter- 
n a l  j u g u l a r  vein 

T i m e  
of day 

November 1 
5:02.- pm 
5:04.05 pm 
5 ~ 0 6 . 3 0  pm 
5:08.- pm 
5:10.04 pm 
5:14.30 pm 
5 ~ 1 7 . 2 5  pm 
5:20.20 pm 
5:28.- pm 
5:37.35 pm 
5 ~ 4 9 . 5 0  pm 
5:57.06 pm 

November 2 
11:30 .- a m  

November 19 
2:09.- pm 
2:10.45 pm 
2:12.05 pm 
2:13.30 pm 
2:15.05 pm 
2:21.30 pm 
2:26.30 pm 
2:30.35 pm 
2 ~ 3 5 . 2 5  pm 
2 ~ 4 4 . 2 0  pm 
2:55 .- pm I 

3:07.30 pm 
3:,33*- pm 
3:56*- pm 
6:06.45 pm 

December 20 
12:-*- a m  

September 21 
l~-~- pm 
1:05.30 pm 
1:05.45 pm 
1:07.15 pm 
1:09.30 pm 

Leukocyte 

12600 I 
I n j  . 
4200 
4200 
2800 
2200 
1800 ! 
2800 
3600 
5400 
8200 
9400 

Ear ve in  21400 

6200 
I n j  
5400 
3600 
2600 
2800 
1800 

1200 
1000 
1600 
2000 
3600 
3200 

600 ! 

'Ear vein 4200 

Ear ve in  3600 

Ear ve in  11600 
I n j ,  

11200 
12600 
1 2  600 

General 
remarks 

/410 

Maximum hypoleuko- 
cy tos i s  a f t e r  1 6  
min. 15 sec. ,  again 
no t  as s t rong  as a f t e r  
spleen e x t r a c t .  

Inc i s ion  i s  s t i t c h e d ,  
animal is  put  i n t o  
cage wrapped i n  w a r m  
c lo thes  . 
A n i m a l  i s  l i v e l y ,  no 
swel l ing a t  s i te  of 
i n j e c t i o n  e 

Maximum hypoleuko- 
cy tos i s  a f t e r  about 
20 min. 

Even a f t e r  20 hours,  
s t rong hypoleuko- 
cy tos i s .  
A n i m a l  g ives  a very 
s i c k  impression, is  
k i l l e d  f o r  purposes 
of microscopic tests. 
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I n j e c t i o n  

Xepeat i n j e c t i o n  
of 4 cc pancreas 
extract  i n t o  same 
ve in  e 

I n j e c t i o n  of 4 cc 
kidney extract 
i n t o  l e f t  exter- 
n a l  j ugular vein.  

Once more, injec-  
t i o n  of  4 cc kid- 
ney e x t r a c t  i n t o  
t h e  same vein.  

I n j e c t i o n  of 4 cc 
kidney e x t r a c t  
i n t o  l e f t  exter- 
n a l  j u g u l a r  vein e 

I n j e c t i o n  of 8 cc 
kidney extract 
i n t o  l e f t  exter- 
n a l  jugular ,  vein.  

Time 
of day 

September 21 
1:11.30 pm 
1:13.20 pm 
1:14.45 pm 
1:29 *-- pm 
1 ~ 2 9 . 4 5  pm 
1:31.20 pm 
1.:33.15 pm 
1:34.55 pm 
1:38.- pm 
1 ~ 4 0 . 1 7  pm 
1:43.- pm 

September 19 
1:--.- pm 
1:lO.- pm 

1:ZO.- pm 

September , 19  
1:24.-- pm 

'1:25.02 pm 
1:25.17 pm 
1 ~ 2 6 . 5 5  pm 

September 26 
2:03e- pm 
2:05.15 pm 
2:06.-- pm 
2:10.05 pm 

Leuko cy re 

12000 
11200 
11400 

10600 
9 800 
11000 
10600 
10200 
10400 

9600 

8400 
I n j  . 

. In j .  

8200 
I n j  e 
9800 

16600 
I n j  e 

15 400 
13200 

General 
renarks  

The experiment shows 
t h a t  intravenous in- 
j ec t ions  of pancreas 
extract do no t  pro- 
duce any change i n  
leukocytosis .  

Animal i s  used f o r  
microscopic invesf i -  
gat ions . 

Immediately a f t e r  t h e  /411 
i n j e c t i o n ,  t h e  animal 

and cramps; recovers 
a f t e r  about 6-7 min. 

has s t rong  dyspnea - _  

Once again,  v i o l e n t  
convulsions and dysp- 
nea; ded a f t e r  about 
1 min. 

Animal d i e s  wi th  
s t rong convulsions. 

Animal w a s  used be- 
f o r e  * 
After  about 15  min. 
minor hypoleukocy- 
t o s i s  which is  pro- 
bably due t o  t h e  
general ly  bad condi- 
t i o n  of t h e  animal. 



' I n j e c t i o n  Time 
of day 

September 26 
2 ~ 1 2 . 4 0  pm 
2 ~ 1 5 . 3 5  pm 
2 :20 .10  pm 
2:30.- pm 

i 

Leukocyte 

14200 
,12800 
13800 

General 
remarks 

Animal somewhat 
dyspnoic. 

A n i m a l  d i e s  i n  con- 
vuls ions.  
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We do no t  wish t o  a t t a c h  any g r e a t  s i g n i f i c a n c e  t o  t h i s  d i f f e r e n c e  i n  tes t  

r e s u l t s .  On t h e  one hand, the  speed of t h e  e f f e c t  depends on t h e  varying 

na tu re  of t h e  substances introduced. On t h e  o t h e r  hand, our experimental  

procedure d i f f e r e d  from L a w i t ' s  i n  that h e  took t h e  blood f o r  h i s  counts 

from t h e  p e r i p h e r a l  p a r t  of t h e  inqu ina l  ve in  - i .e . ,  t h e  c a r o t i d  -however, 

w e  took i t  from t h e  femoral a r t e r y  o r  vein.  

Another remarkable d i f f e rence  between L s w i t ' s  and our observat ions is  a 

relat ive temporary hyperleukocytosis which we,under normal circumstances, 

were never ab le  t o  d e t e c t  during the  state of hypoleukocytosis. 

however, i n d i c a t e s  t h a t  i n  a r e s t r a i n e d  animal hyperleukocytosis following 

hypoleukocytosis w i t h i n  30-60 min. i s  replaced by a renewed drop and t h e  

replacement of leukocytes destroyed by i n j e c t i o n  is  only very incomplete. 

The only explanat ion w e  can give f o r  t h e s e  f ind ings  is t h a t  L a w i t  d i d  n o t  

take i n t o  account cooling of t h e  r e s t r a i n e d  animals and consequent hypoleuko- 

cy tos i s .  Restraining alone cannot cause t h i s  incongrui ty ,  because most of 

our tes t  animals w e r e  r e s t r a i n e d  o f t e n  f o r  hours,  and as t h e  numerous experi-  

ments show, n e i t h e r  intravenous nor  subcutaneous i n j e c t i o n  produced a 

secondary decrease.  When, a f t e r  intravenous i n j e c t i o n ,  t h e  hypoleukocytosis 

had reached i ts  h ighes t  po in t  a f t e r  3 ,  5-10 minutes,  t h e  number o f  w h i t e  

blood corpuscles began t o  inc rease  again a t  a constant  rate. M a x i m u m  hyper- 

leukocytosis  w a s  most o f t e n  reached a f t e r  5 ,  b u t  f r equen t ly  only a f t e r  12-18 

hours; t h e  o r i g i n a l  leukocytosis  re turned a f t e r  24-48 hours. Subcutaneous 

i n j e c t i o n s  produced t h e s e  phenomena more slowly; t h e  number of white blood 

cells f e l l  t o  a minimum only a f t e r  3-4 hours,  and increased t o  i t s  h i g h e s t  

p o i n t  a t  the  earliest  a f t e r  14-18 hours following t h e  i n j e c t i o n .  

L G w i t ,  

But when w e  d i s r ega rd  t h e s e  few d i f f e r e n c e s  between L a w i t ' s  and our tes t  /413 
r e s u l t s ,  then the statement i s  j u s t i f i e d  t h a t  every hyperleukocytosis is  

preceded by hypoleukocytosis and t h a t  t he  former i s  n o t  conceivable without 

t h e  l a t te r .  
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Microscopic Examination of t h e  Organs 

We approached t h e  microscopic examinations wi th  t h e  i n t e n t i o n  of i n v e s t i -  

gat ing t h e  decay of leukocytes as s t a t e d  by Lb;wit .  

r e a l l y  occurred upon contact  of t h e  i n j e c t e d  material with t h e  blood cor- 

puscles ,  i t  should b e  evidenced most c l e a r l y  i n  those organs whose c a p i l l a r y  

bed would b e  reached f i r s t  by t h e  substance i n j e c t e d  i n t o  t h e  jugu la r  vein.  

Therefore,  w e  f i r s t  turned ou r  a t t e n t i o n  t o  t h e  lungs.  

ment gave the  s u r p r i s i n g  r e s u l t  t h a t  a f r e s h  lung swab i n  t h i s  s ta te  showed a 

very l a r g e  q u a n t i t y  of leukocytes a f t e r  d e f i n i t e  hypoleukocytosis by i n j e c t i o n  

of sp l een  extract had been produced. According t o  t h e  theory of leukocytosis ,  

very few should have been found, e s p e c i a l l y  i n  t h e  lungs.  This caused us  

t o  examine t h e  organs i n  s l i c e d  preparat ions.  When t h e  p a r t i c u l a r  state of  

leukocytosis  w a s  reached at which t h e  condi t ion of t h e  organs w a s  t o  be 

examined, t h e  thorax of t h e  l i v i n g ,  anes the t i zed  animal w a s  opened, l i g a t u r e s  

appl ied t o  t h e  l a r g e  vessels, h e a r t ,  lung, spleen,  kidney, l iver  and bone 

marrow removed and prepared i n  t h e  manner descr ibed above (p. 6) and examined. 

The h e a r t  w a s  f i xed  i n  i t s  e n t i r e t y ,  of t h e  o t h e r  organs only pieces  w e r e  

taken. 

t o  avoid changing t h e  condi t ion of t h e  vessels. All procedures were executed 

as quickly as possible .  

We assumed t h a t ,  i f  i t  

The very f i r s t  experi-  

We d id  n o t  i n j e c t  a f i x i n g  l i q u i d  i n t o  t h e  air passages of t h e  lung 

It w i l l  b e  u s e f u l  i n  the d e s c r i p t i o n  of t h e  f ind ings  t o  sepa ra t e  them 

according t o  t h e  va r ious  states of leukocytosis .  

Examination i n  t h e  S t a t e  of Hypoleukocytosis 

After Intravenous I n j e c t i o n .  

The c a p i l l a r i e s  of t h e  lung (see Table 11, Figure 1) are g r e a t l y  f i l l e d  

and show bes ides ' red  an unusual weal th  of white  blood corpuscles.  

t h e  l a r g e r  lumina contained less leukocytes ,  while  very s m a l l  vessels con- 

ta ined a very  l a r g e  number; i n  some c ross  s e c t i o n s  they occasional ly  seemed 

I n  f ac t ,  
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t o  be completely f i l l e d  ( see  the  s m a l l  v e i n  i n  Figure 1). 

c y t e s  w e r e  represented,  predominantly polynuclear ones. The l ack  of white  

blood corpuscles  i n  t h e  l a r g e  vessels s tands i n  s t a r k  c o n t r a s t  t o  t h e  leukocyte 

contents  of t h e  smallest vessels and c a p i l l a r i e s .  Figure 2 shows t h e  c ros s  

s e c t i o n  of such a vessel from the  same lung as i n  Figure 1 where leukocytes 

are missing e n t i r e l y .  

A l l  k inds of leuko- 

Small p i eces  from va r ious  p a r t s  of t h e  lung were examined; from t h e  h i l u s  

as w e l l  as t h e  t h i n  edges and t h e  cen te r ;  everywhere the same change described 

above could b e  demonstrated. 

We d id  n o t  f i n d  any evidence which could have been i n t e r p r e t e d  as decay. 

Of course,  we did no t  neg lec t  t o  prepare c o n t r o l  specimens from t h e  lungs 

We s h a l l  of animals which had n o t  shown a change i n  the  number of leukocytes. 

d i scuss  t h a t  later.  

The obvious changes which the  lung had shown could no t  b e  observed i n  

l i ve r ,  spleen,  bone marrow, o r  kidney. It should b e  noted i n  general  t h a t  t h e  

evaluat ion of t h e  condi t ions i n  t h e  bone marrow and a l s o  i n  t h e  sp l een  are 

very d i f f i c u l t  and uncer ta in  i n  any case. 

The c a p i l l a r i e s  of l iver and kidney were f i l l e d  only l i t t l e  o r  moderately 

and contained only a spa r se  amount of leukocytes.  

increased compared t o , t h e  norm, much rather decreased. A l s o  the kidney 

glomeruli w e r e  hardly f i l l e d ,  and contained few leukocytes.  

They c e r t a i n l y  had n o t  

Further  i n v e s t i g a t i o n  of t he  lungs during hypoleukocytosis, n o t  due t o  

sp l een  e x t r a c t  bu t  bone marrow extract o r  hemialbumose, showed, as expected, 

b u t  y e t  t o  be proven, t h a t  aga in  t h e  leukocytes w e r e  concentrated i n  t h e  

smallest vessels and c a p i l l a r i e s  of t h e  lung. A l s o  i n  these  animals t h e  

c a p i l l a r i e s  of l iverg  spleen,  and kidney d id  n o t  show a d e f i n i t e  i n c r e a s e  of 

leukocytes. 
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The same r e s u l t s  were demonstrated i n  an animal wi th  hypoleukocytosis 

due t o  i n j e c t i o n  of nuc le i c  ac id .  

A s  c o n t r o l ,  we used a r a b b i t  with normal leukocyte count which died 

under c h l o r a l  anes thes i a  even before  anything else had been done t o  i t .  

Another one died under e t h e r  anesthesia  s u b j e c t  t o  t h e  same conditions.  

t hese  two animals, t h e  experimental  condi t ions were somewhat d i f f e r e n t  from 

those mentioned above, inasmuch as lung and h e a r t  were removed without l i g a t -  

i n g  t h e  l a r g e  vessels while  t he  h e a r t  w a s  s t i l l  beat ing.  

used a normal animal and t r e a t e d  i t  l i k e  t h e  ones wi th  hypoleukocytosis, 

namely, exenterated i t  under e t h e r  anesthesia .  

With 

However, w e  a l s o  

The organs of another r a b b i t  were removed by t h e  method described above 

a f t e r  i t  had received pancreas e x t r a c t  intravenously which d id  n o t  produce 

hypoleukocytosis, as reported ear l ier ,  Also, two more animals were i n j e c t e d  

wi th  kidney e x t r a c t ,  a l s o  showing no hypoleukocytosis. 

died soon af ter  t h e  i n j e c t i o n . )  

(These l as t  two animals 

I n  a l l  t hese  animals, t h e  lung c a p i l l a r i e s  were f i l l e d  s l i g h t l y  with 

few leukocytes,  i .e . ,  j u s t  t h e  normal number and d i s t r i b u t i o n .  Compared w i t h  

t h e  p repa ra t ions  made from animals i n  a s ta te  of hyperleukocytosis,  t h e  d i f -  

ference l e f t  no doubt and was  r e a d i l y  apparent.  It  i s  remarkable t h a t  t h e  

branches of the p o r t a l  vein contained leucocytes  more abundantly than o t h e r  

- vessels, as observed i n  normal, unused animals. 

Closer microscopic inspec t ion  s u b s t a n t i a t e s  t h e  r e s u l t s  of t h e  f i r s t  swab /415 

- namely, t h a t  i n  t h e  state of hypoleukocytosis t h e  leukocytes are concen- 

t r a t e d  i n  t h e  lung, e s p e c i a l l y  i n  t h e  smallest vessels and t h e  c a p i l l a r i e s  

where leukocyte d e s t r u c t i o n  should have taken p l ace  pr imari ly ,  Y e t ,  i n  

add i t ion ,  t h e r e  i s  no evidence of des t ruc t ion .  This  r e s u l t  i s  ind i spu tab le .  

We wish t o  n o t e  e s p e c i a l l y ,  t o  a n t i c i p a t e  the  only o the r  poss ib l e  ob jec t ion ,  

t h a t  hypoleukocytosis by t h e  method which we used i s  n o t  as quickly compensated 

f o r  i n  order  t o  assume i t  had reformed during removal of t h e  organs. Rather,  

t h e  condi t ion of t h e  organ corresponds t o  maximum hypoleukocytosis. But the 
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r e s u l t  a l s o  s u f f i c e s  t o  expla in  the  s t a t e  of hypoleukocytosis i n  the  circu-  

l a t i n g  b lood ,  because the  c a p i l l a r y  region of t he  lung, i n  add i t ion  t o  t h e  

smal les t  v e s s e l s ,  r ep resen t s  a proport ion of t h e  e n t i r e  vascular  system of the  

r a b b i t  which i s  l a r g e  enough t o  s t o r e  e a s i l y  a considerable  percentage of t he  

c i r c u l a t i n g  leukocytes.  

It must be  pointed ou t  t h a t  our t e s t  r e s u l t s  d i f f e r  from those by 

Michelson, whose s t u d i e s  given i n  a d i s s e r t a t i o n  were not  known t o  us  a t  t h e  

t i m e  of our experiments. However, w e  be l ieve  w e  can t r a c e  t h e  d i f f e rence  of 

t h e  r e s u l t s  t o  the  d i f f e rence  of the  experimental condi t ions.  Michelson 

i n j e c t e d  i n t o  t h e  femoral ve in ,  while w e  chose the  jugu la r  vein.  This may 

have caused t h e  f a c t  t h a t ,  i n  lungs which he subsequently excised, t h e  capi l -  

l a r i e s  were not  a s  f i l l e d  wi th  leukocytes as our prepara t ions .  Nevertheless,  

Michelson a l s o  po in t s  ou t  t he  remarkable f a c t  t h a t  i n  the  s t a t e  of hypoleuko- 

c y t o s i s  during which the  number of leukocytes i n  the  pe r iphe ra l  v e s s e l s  had 

sunk t o  a minimum, t h e  lung c a p i l l a r i e s  contained a number of leukocytes which 

more l i k e l y  exceeded t h e  normal count. 

Hypoleukocytosis Due t o  Cooling and Shock 

We combine these  two condi t ions here  because t h e  microscopic r e s u l t s  f o r  

both are very s i m i l a r .  

I n  one r a b b i t  (Experiment No. 7 ,  p.  382)  shock i s  produced by blows on 

t h e  neck. The previous count from the  ear ve in  amounted t o  10,400 leukocytes;  

i n  t he  s t a t e  of shock w e  f ind  only 4,200. The organs are removed by the  usua l  

method. Examination of t h e  s e c t i o n  shows an enormous expansion and f i l l i n g  of 

t he  smaller  and smal les t  blood v e s s e l s  of the  lungs.  Also small numerous 

hemorrhages have occurred; t h e  red blood corpuscles  s e e m  t o  be  compressed i n  

the  ves se l s  unusually t i g h t l y .  

corpuscles  i n  the  c a p i l l a r i e s  i s  no t  observed. Signs of des t ruc t ion  cannot be 

shown with c e r t a i n t y .  

usual .  Heart ,  sp leeng  kidney show nothing extraordinary.  

A not iceable  accumulation of white blood 

The v e s s e l s  of the  l i v e r  are f i l l e d  somewhat more than 



, 

b 

A r a b b i t  whose rectal temperature is  38.9' C i s  cooled t o  24.5' C by 

The number of leukocytes i n  the  ear v e i n  drops th ing  i n  running water. 

from 10,400 before  cooling t o  3,800. The organs are taken ou t  be the  usua l  

method; t he  animal had been anesthet ized before  cool ing.  

and c a p i l l a r i e s  of t h e  lung are ex t r ao rd ina r i ly  f i l l e d ;  an e s p e c i a l l y  conspi- 

cuous accumulation of leukocytes is not  present .  The l a r g e  vessels show a 

The smallest vessels 

not iceably  low content  of leukocytes.  

somewhat more than normal. Heart, sp leeno  kidney, bone marrow show nothing 

p a r t i c u l a r .  

The vessels of ' t h e  l iver are f i l l e d  

The f ind ings  during shock and cool ing,  therefore ,  d i f f e r  remarkably from 

other  hypoleukocytoses, i n  t h a t  t h e r e  i s  no not iceable  packing of white  blood 

corpuscles  i n  the c a p i l l a r i e s .  Decay of t h e  leukocytes  probably d id  not  take  

place,  which is supported by t h e  absence of products of d e t e r i o r a t i o n .  Under 

these  circumstances, one could poss ib ly  conceive of another c a p i l l a r y  area 

where leukocytes  could accumulate which were not  examined ( sk in  ?> .  

respec t ,  experiments s t i l l  have t o  be conducted, and t h i s  matter i s  therefore  

not  concluded. Nevertheless,  i t  is  conceivable t h a t  as a r e s u l t  of t h e  s t rong  

d i l a t i o n  of t h e  smallest vessels and c a p i l l a r i e s ,  an  i n t e g r a l  p a r t  of t h e  

white  blood corpuscles  is  held back and occas iona l ly  taken o u t  of c i r cu la t ion .  

This r e l a t i o n s h i p  may then a f f e c t  t h e  leukocytes  because of t h e i r  lower weight 

and v i s c o s i t y  t o  a h igher  degree than t h e  e ry throcytes .  

I n  t h i s  

Examination Durinp t h e  S t a t e  of R e s t i t u t i o n  

By t h i s ,  we:mean t h e  condi t ion  under which the  hypoleukocytosis reverts 

t o  the  i n i t i a l  normal number of leukocytes.  

This experiment w a s  performed on an animal a f t e r  intravenous i n j e c t i o n  

of hemialbumose, and r e s u l t e d  i n  revea l ing  numerous leukocytes i n  t h e  small 

vessels and c a p i l l a r i e s  of t h e  lung. The prepara t ions  a t  once gave t h e  im-  

p ress ion  t h a t  more leukocytes had accumulated than dur ing  hypoleukocytosis, 

which l ed  t o  the  necessary conclusion t h a t  r e s t i t u t i o n  could not  be  merely 

the  r e c i r c u l a t i o n  of leukocytes held i n  the  c a p i l l a r i e s ,  
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Examination i n  the  State of Hyperleukocytosis 

The s tudy of organs i n  a s ta te  of general  hyperleukocytosis w a s  made 

with four  animals according t o  the  same procedure. Concerning t h e  degree of 

hyperleukocytosis,  t h e  number of white  blood corpuscles  a t  the t i m e  of exen- 

t e r a t i o n  had the  following va lues  f o r  t h e  ind iv idua l  animals: 

No. 59: 27,400 leukocytes i n  the  ear v e i n  

No. 61: 19,000 leukocytes i n  the  ear v e i n  

14,800 leukocytes i n  t h e  femoral ve in  

No. 75: 23,200 leukocytes i n  t h e  femoral v e i n  

No. 78: 24,200 leukocytes i n  the  femoral v e i n  

By f a r ,  t h e  most conspicuous r e s u l t s  w e r e  found when studying t h e  lung. 

Already i n  t h e  c ross  sec t ions  of t he  l a r g e r  vessels t h e r e  were numerous white  

blood corpuscles .  Figure 3,  Table I1 shows such a c ross  sec t ion .  The con- 

trast compared with Figure 2 is conspicuous enough. 

vessels occasional ly  were e n t i r e l y  f i l l e d  with leukocytes.  

W e r e  enlarged, t i g h t l y  f i l l e d ,  and contained extremely numerous leukocytes 

even more than i n  the  state of hypoleukocytosis ( see  Figure 4).  Usually, /417 

they l i e  i n  rows of 5-8. Again no s igns  of d e t e r i o r a t i o n  w e r e  observed. Only 

an occasional  d i v i s i o n  of t h e  indented nuc lear  rod i n t o  ind iv idua l  nuc le i  

might be  mentioned here ,  s i m i l a r  t o  what Ehrlich(2) s a w  i n  acute  sp leen  tumor. 

The lumina of s m a l l  

The c a p i l l a r i e s  

I n  t h i s  phase a l so ,  liver and kidney showed a n  increased content  of leuko- 

cy tes ,  more i n  the  l iver  than i n  t h e  kidney. 

t h e  l iver i n  general  seemed f u l l e r  than usual .  Anyway, t he  p i c t u r e  could n o t  

i n  t h e  least be  compared wi th  t h a t  of the  lung. 

The vessels and c a p i l l a r i e s  of 

(2) For t h e  acute sp leen  tumor. Charite-annals. V o l e  9. 
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Examination i n  the  S t a t e  of Hypoleukocytosis 

Due t o  Subcutaneous I n i e c t i o n  

Again the  lung showed t h e  c h a r a c t e r i s t i c  f inding;  the  increased leukocyte 

content  of t h e  c a p i l l a r i e s  l e f t  no doubt, even i f  it w a s  no t  q u i t e  as consi- 

derable  as a f t e r  intravenous in j ec t ions .  

Liver  and kidney showed no no t i ceab le  changes, I n  one animal t h e  s p i n a l  

cord w a s  t e s t e d ,  and no conspicuous increase  of leukocytes  was  found i n  the  

c a p i l l a r i e s .  

Examination After. Prolonged H y p  erleuko cy t o s i s  

The organs of one animal were examined 48 hours a f t e r  i n j e c t i o n  of spleen 

e x t r a c t .  The vesse l s  and c a p i l l a r i e s  of t h e  lung w e r e  very f u l l  and contained 

numerous leukocytes,  but  decidedly less than one usua l ly  sees a t  t h e  peak of 

hypoleukocytosis. Ins tead ,  d e f i n i t e  s igns  of d e t e r i o r a t i o n  w e r e  observed. 

Often i n  the  c a p i l l a r i e s  and vesse l s  i r r e g u l a r l y  defined neu t roph i l i c  proto- 

plasmic masses with f a i n t l y  s t a ined  ind ica t ions  of nucleus fragments, a l s o  

sepa ra t e  p a r t s  of nuc le i .  

The c a p i l l a r i e s  of the  l iver were q u i t e  f i l l e d ;  t he  proport ion of leuko- 

cy tes  seemed n e i t h e r  more nor less. No s igns  of de t e r io ra t ion .  The same w a s  

t r u e  of t he  kidney. I n  t h e  sp leen  numerous leukocytes;  no d i s t i n c t  s igns  of 

de t e r  i o  r a t ion. 

Another animal, having received 4 cc  of sp leen  ferment, showed 22,400 

leukocytes i n  the  ear ve in  20 hours a f t e r  the  i n j e c t i o n ;  a f t e r  66 hours - 
48,800 leukocytes.  I n  t h i s  condi t ion,  t h e  organs are taken out  under anes- 

thes ia .  I n  the  lung sec t ions ,  numerous leukocytes ,  bu t  no t  as crowded as i n  

f r e s h  hyperleukocytosis,  

nuclear  rods and sepa ra t e ly  s i t u a t e d  nucleus fragments w e r e  observed, These 

may c e r t a i n l y  be considered as s igns  of t h e  d e t e r i o r a t i o n  process. 

Here again the  conspicuous frequency of broken 



The l iver  showed a no tab le  r e s u l t ,  because t h e  quan t i ty  of leukocytes 

w a s  considerably increased i n  the  l a r g e r  and smaller vessels as w e l l  a s  i n  

t h e  c a p i l l a r i e s .  A l s o  i n  o the r  cases, t h e  inc rease  of white blood corpuscles  

i n  the  l i ve r  due t o  hyperleukocytosis had been observed (see  above), bu t  i n  

t h i s  case, t h e  r e l a t i o n s h i p  t o  t h e  lung seemed changed. The number of leuko- 

cy te s  i n  t h e  l iver  seemed l a r g e r  than i n  f r e s h  hyperleukocytosis,  smaller i n  

t h e  lung. This is  probably t h e  explanation: t h e  number of leukocytes found 

i n  the  l i v e r  i n  t h i s  case i s  j u s t  about equal t o  t h e  high degree of hyper- 

leukocytosis  which ex i s t ed  i n  t h i s  animal. But i n  f r e s h  hyperleukocytosis 

t h e  lung contains ,  i n  add i t ion ,  t h e  d e p o s i t  of r e t a i n e d  white  blood corpuscles  

which now- a f t e r  prolonged du ra t ion  of t h e  hyperleukocytosis - is  reduced 

(due t o  d e t e r i o r a t i o n ) .  Spleen and kidney show nothing spec ia l .  

F i n a l l y ,  a microscopic examination w a s  performed on a n  animal which had 

died f ive days a f t e r  a subcutaneous i n j e c t i o n  of 8 cc nuc le i c  ac id .  Three 

days a f t e r  t h e  i n j e c t i o n ,  18,400 leukocytes w e r e  counted. The lung contained 

numerous leukocytes,  j u s t  about t o  t h e  degree t o  which one would f i n d  them 

during hypoleukocytosis, i .e . ,  fewer than during f r e s h  hyperleukocytosis.  W e  

not iced t h a t  t h e  n u c l e i  of t he , l eukocy tes  of a l l  preparat ions did n o t  s t a i n  as 

deeply wi th  t r i a c i d  as w a s  usua l ly  t h e  case, and t h a t  t h e i r  contours w e r e  n o t  

as sharply defined as i n  t h e  normal case. However, i t  i s  quest ionable  i f  t h i s  

circumstance should b e  considered s i g n i f i c a n t ,  s i n c e  t h e  organs w e r e  no t  f ixed 

while  s t i l l  a l ive,  b u t  were taken from t h e  dead animal. W e  a l s o  found deter-  

i o r a t e d  nucleus masses. The e ry th rocy te s  were well-stained. The change of 

t h e  white  blood corpuscles i n  t h e  c a p i l l a r i e s  r e q u i r e s  f u r t h e r  examination, 

even i f  our f ind ings  permit u s  t o  express t h e  opinion t h a t  a p a r t  of them 

anyway d e t e r i o r a t e s .  

1 4 1 8  

The smallest vessels and c a p i l l a r i e s  of t h e  l iver showed a minor inc rease  

of leukocytes;  sp l een  and kidney - nothing s p e c i a l .  
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Examination i n  t h e  S t a t e  of Hypoleukocytosis Produced 

Af ter  PreOious Strong Hyperleukocytosis by I n j e c t i o n  of Bac ter ia  

A s  a l ready  mentioned, a massive intravenous i n j e c t i o n  of b a c t e r i a  even 

during t h e  s ta te  of s t rong  hyperleukocytosis produces an  enormous decrease of 

leukocytes i n  t h e  blood, sometimes even reaching a near  absence of white  blood 

corpuscles i n  t h e  c i r c u l a t i n g  blood. 

experiments, t h e  organs had been taken o u t  and examined. For these ,  t h e  lungs 

showed almost an overflow of leukocytes (see Figure 5) .  

For l a r g e  number of such i n j e c t i o n  

I n  the  c a p i l l a r i e s  

which form a t i g h t l y  k n i t  mesh, t h e  red blood corpuscles  are almost replaced 

by leukocytes which w e r e  stacked i n  long rows. Occasionally,  t he  c u t  had the  

appearance of a purulent  i n f l i t r a t i o n  because of t h e  dense masses of poly- 

nuclear  cel ls .  

white  blood corpuscles ,  whi le  t h e  l a r g e  vessels w e r e  almost completely devoid 

of them. Several  t i m e s  a c l o t  of cohering leukocytes was  found at tached t o  

t h e  w a l l  of a l a r g e r  vein.  Here and the re ,  t h e  endothelium - t h a t  is, t h e  

vessel w a l l -  had t h e  smallest tearsp s i n c e  the lung t i s s u e  seemed i n  places  

t o  b e  i n f i l t r a t e d  throughout by red and whi te  blood corpuscles.  

of leukocytes mixed wi th  red blood corpuscles  and several endo the l i a l  c e l l s  

were found i n  a bronchiolus.  

The smallest vessels o f t e n  seemed completely clogged with 

Once a mass 

Also, i n  t h e  l iver  t h e  leukocytes i n  the  c a p i l l a r i e s  and the  smallest 

vessels w e r e  increased;  i n  t h e  animal i n j e c t e d  wi th  t h e  potato b a c i l l u s  and 

p u t r e f a c t i o n  b a c i l l u s ,  t h e r e  was  a considerably increased leukocyte content  

i n  the  l i ve r ,  so  t h a t  o f t e n  3-4 corpuscles were l i n e d  up. Nevertheless,  there 

w a s  no comparison,with t h e  appearance of t h e  lung. Once a l a r g e  mass of 

leukocytes w a s  observed i n  t h e  c r o s s  s e c t i o n  of a small p o r t a l  a r t e r y .  

of d e t e r i o r a t i o n  were no t  demonstrable e i t h e r  i n  t h e  lungs o r  t he  l i ve r .  

The kidney never showed any i n c r e a s e  i n  leukocytes.  

Signs 

Microscopic examinations were a l s o  performed on animals wi th  a combination 

of treatments.  Thus, w e  used animal No, 82 which had f irst  received subcu- 

taneous sp l een  e x t r a c t ,  and after hyperleukocytosis set i n  - intravenous 



a 

spleen e x t r a c t .  The number of leukocytes had dropped a f t e r  t he  second 

i n j e c t i o n ,  and then had r i s e n  t o  j u s t  about normal when the  animal died.  Th 

lung showed numerous leukocytes.  

S imi la r ly ,  animal No. 80 had hyperleukocytosis produced by subcutaneous 

i n j e c t i o n ,  then hypoleukocytosis by intravenous i n j e c t i o n ,  which f i n a l l y  had 

changed i n t o  moderate hyperleukocytosis.  

1419 

Animal No. 74 had received intravenous spleen e x t r a c t  i n j e c t i o n  which 

w a s  repeated during t h e  per iod of increas ing  leukocytosis .  

death occurred while t he  number of leukocytes had almost reached normal again.  

The lungs showed a la rge  content  of leukocytes.  

Soon t h e r e a f t e r ,  

Animal No. 71  received intravenous i n j e c t i o n  during the  state of hypo- 

When t h e  leukocytosis  produced by intravenous i n j e c t i o n  of sp leen  e x t r a c t .  

animal was  k i l l e d ,  t h e  number of leukocytes had not  y e t  reached normal. 

leukocytes w e r e  found i n  l iver and kidney, while  the  lungs presented the  

usua l  p i c t u r e  of leukocyte accumulation. 

Few 

One animal, a f t e r  previous subcutaneous i n j e c t i o n  of sp leen  e x t r a c t ,  had 

received an intravenous i n j e c t i o n  during t h e  i n i t i a l  phase of increas ing  leuko- 

c y t o s i s  which f i n a l l y  produced a s t rong  hyperleukocytosis.  

a tremendous weal th  of leukocytes.  

The lungs showed 

These f ind ings  show t h a t  even a f t e r  combined t reatment ,  t he  microscopic 

condi t ions always corresponded t o  those achieved a f t e r  s i n g l e  i n j e c t i o n s .  

Combination of D i f f e ren t  I n j e c t i o n s  

Af te r  we had reached the  r e s u l t s  j u s t  reported by microscopic examination, 

w e  had t o  approach t h e  ques t ion  of chemotactic inf luences.  For t h i s  purposes 

w e  f i r s t  made observat ions t o  determine i f  any and what s igns  would be pro- 

duced when, a f t e r  one i n j e c t i o n  t o  change t h e  leukocytosis ,  t he  i n j e c t i o n  i s  

repeated. Furthermore, w e  examined t h e  e f f e c t  of excessively high doses 
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upon leukocytosis .  Then w e  examined the  way i n  which a substance f o r  

i n j e c t i o n  a f f ec t ed  the  number of leukocytes a f t e r  t h e  same substance had been 

introduced i n t o  t h e  pulp. 

substance wi th in  small t i m e  i n t e r v a l s .  

F ina l ly ,  w e  i n j ec t ed  s m a l l  doses of t h e  same 

General remarks 

70 Intravenous I n j e c t i o n  
i n j e c t i o n  of 8 cc 
i n  t h e  s t a t e sp leen  ex- 

of t r a c t  i n t o  
hypoleuko- l e f t  ex t .  
cy t os  is  jug. ve in  

October 3 
1:29.30 pm 
1:29.45 pm 
1:32.55 pm 
1:38.5 pm 

7200 
I n j  e 

6800 
800 

1200 

20 hours a f t e r  t h e  
in j ec t ion ,  25400 
leukocytes i n  t h e  
ear vein.  

- 

A t  e int ravenous i n j e c t i o n  of 8 cc sp leen  e x t r a c t ;  
a t  i- another  intravenous i n j e c t i o n  of 8 cc sp leen  extract. 

8 c c m  
i n j e c t i o n -  - 

i n t o  t h e  
same v e i n  

- _ . ~  

.- _ _  

1:43.40 pm 

1:46.10 pm 
1:48.5 pm 
1:49.55 pm 
1 ~ 5 2 . 1 8  pm 
1:53e- Pm 
1:56.55 pm 
1:58.15 pm 
2: 2.45 pm 

1:44e- Pm 

2: 50- Pm 

I n j  
1200 

400 
800 
200! 

1200 
1000 
1600 
2200 
2000 
3400 
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Lxp e 
No 0 

71 

Descript ion 
of  

experiment 

A s  No. 70 

Manner 
of 

t reatment  

In  j ec t ion  
3f 8 cc 
spleen ex- 
t r a c t  i n t o  
l e f t  ex te r r  
i nu ina l  vei  

In j ec t ion  
3f 8 cc  
spleen ex- 
t r a c t  i n t o  
same vein. 

T i m e  of day 

h r  min s e c  

2 : 8 . 1 5  pm 
2 :11 .5  pm 
2:15 .15  pm 
2 :17 .40  pm 
2:20 .45  pm 
2 ~ 2 8 . 4 0  pm 
2:35 .35  pm 
2:39 .15  pm 
2 : 4 4 .  5 pm 
2 :54 .10  pm 
2 ~ 5 8 . 5 0  pm 
3:10 .15  pm 
3:22.- Pm 
3 : 3 8 . 5 0  pm 
3 : 4 7 . 1 0  pm 

October 4 
1 0  :-.- Pm 

December 8 

2 :36 .30  pm 
2:31.--- Pm 

2:37*- Pm 

1 

2:39 .30  pm 
2 : 4 1 .  5 pm 
2 :43 .30  pm 
2:45 .10  pm 
2 :48 .50  pm 
2 ~ 5 3 . 3 0  pm 

3 :  2.55 pm 
3 :10 .45  pm 
3 :20 .20  pm 

2:58--  Pm 

* 
The number of leukocytes r e f e r s  t o  t h e  count 
un less  otherwise noted,  

J; 

Leukocyte 
count 

I_._.__- 

General remarks 

4000 
3600 
4200 
4000 
3400 
4200 
3500 
4000 
4600 
5400 
4800 
5200 Even a f t e r  two hours 
5000 and n ine  minutes, not  
6400 t h e  normal number of 

Zar v e i n  9700 leukocytes.  

3ar v e i n  
25400 Animal w e l l .  

5800 

1200 
1400 

I n j .  

I n j  e 
1000 

600 
1200 . 
1400 
1200 - 
2000 
2400 
3200 
2400 

I 4 2 1  - 

, After  1 hour 1 7  min. 
s t i l l  s t rong  hypo- 
leukocytosis .  

nade from the  femoral vein,  
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Elsp * 
No e 

72 

78 

Descr ip t ion  
of 

experiment 

A s  No. 70 

Intravenous 
i n j e c t i o n  
when increas  
ing  leuko- 
c y t o s i s  i s  
j u s t  begin- 
ning 

Manner 
of 

treatment 

I n j e c t i o n  
of 6 cc 
sp leen  ex- 
tract  sub- 
cu taneouslg 
i n t o  abdom- 
i n a l  s k i n  

I n j e c t i o n  
7 1/2 cm 
spleen ex- 
tract  i n t o  
l e f t  exter- 
n a l  jug.  
ve in .  

I n j e c t i o n  
of 8 cc 
sp leen  ex- 
t r ac t  i n t o  
l e f t  ext a 
jug.  ve in .  

I n j  ec t i o n  
of 8 cc 
sp leen  ex- 
tract  i n t o  
the  same 
vein ., 

T i m e  of day 

h r  min see 

3:34.20 pm 
3:48.45 pm 

November 13 
1:30.- Pm 

1:45.- Pm 
5:30.- Pm 
5:58.- Pm 

6: 3. 5 pm 
6: 4.43 pm 
6: 6.12 pm 
6:11.41 pm 
6:15.38 pm 
6:19.18 pm 
6:29.25 pm 
6:31.36 pm 
6:41.52 pm 
6:49.28 pm 
6:56.56 pm 

2~30.- Pm 
2:42.10 pm 
2:45.40 pm 
2:57.50 pm 
3: 6.- Pm 

3 ~ 1 3 . 3 0  pm 
3:15.20 pm 
3:18.40 pm 
3:25'.10 pm 

3:45.10 pm 
3 :35.- Pm 

3 :50*- Pm 
4:---- Pm 
4:18,30 pm 

Leukocyte 
count 

3000 
3400 

Sar v e i n  
10200 

I n j  . 
l i t t o  3800 
E t t o  3000 

I n j  . 
1200 
1400 

800 ! - 
1200 
1800 
2400 
2000 
2400 
2800 

6200 
I n j  e 

2200 
2000 ' 

3000 

I n j  e 
6600 
8000 

10600 
16800 
18200 
20800 
22000 
24400 

General remarks 

Animal' i s  k i l l e d  
f o r  microscopic 
examination. 

Even a f t e r  53 min. 
s t rong  hypoleuko-, 
cy tos i s .  

The animal is sacri- 
f i ced  f o r  microscopic 
examination. 

After  t h e  second 
i n j e c t i o n ,  no t  on ly  
do the  leukocytes  
f a i l  t o  reduce, b u t  
a quick inc rease  sets 
i n ,  reaching 3 1 /2  
times t h e  o r i g i n a l  
number i n  46 1/2.min. 
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, 

ESP e 
No 0 

74 

75 

62 

Descr ip t ion  
of 

experiment 

Same as No. 
73 

Same a s  
No. 73 

Manner 
of 

treatment 

I n  j ec t i o n  
of 8 cc 
spleen ex- 
t r a c t  i n t o  
l e f t  ex t .  
jug. vein.  

In j ec t ion  
of 8 cc 
spleen ex- 
t r a c t  i n t o  
l e f t  ext .  
jug.  vein.  

In j ec t ion  
of 8 cc 
spleen ex- 
t r a c t  i n t o  
l e f t  ext . 
jug. vein.  

d i t t o  

T ime  of day 

hr  . min sec  

2 ;-.- 
2:12. 8 
2 : 15.30 
2:17.40 
2: 20.35 
2:24. 5 
2:27.40 
2:34. 5 
2:38. 5 
2:42.24 
2:43.10 
2:44. 5 
2:45.- 
2 :46.10 

2:47 .- 
December 5 
5:45.- Pm 
5:52.15 pm 
5:55.45 pm 
5:58.17 pm 
6: 3.55 pm 
6:lO. 5 pm 
6:14.50 pm 
6:18,25 pm 
6:19.43 pm 
6:20.35 pm 
6:22.30 pm 
6:22.30 pm 
6~24.35 pm 
6:29.- Pm 
6:31.45 pm 
6:37.53 pm 
6:48.30 . pm 
7:11.15 pm 

October 24 

Leukocyte 
count 

7800 

2200 
1800 
2200 
3000 
3400 
3600 
5000 

6000 
5600 

6800 

death 

I n j  e 

I n j .  

- 

- __ 

6000 

2000 

1600 
2600 
3600 

I n j  
4200 
3800 
4400 
6400 . 
8600 
10800 
12400 
18400 
20400 * 

23200 

I n j  .. 
800! 

5ar ve in  
9800 

General remarks 

While a f t e r  the /422 
f i r s t  i n j e c t i o n  a 
c l e a r  hypoleuko- 
cy tos i s  appeared 
wi th in  three  
minutes. the 
second i n j .  pro- 
duced no not ice-  
ab le  decrease. 

:Breathing ceases. 
Animal d i e s  
spontaneously. 

After  the  second 
in j ec t ion ,  instead 
of a decrease,  leuko- 
cy tos i s  increased 
sharply,  amounting 
t o  four times the  
o r i g i n a l  number a f t e r  
53 minutes. 

Animal is k i l l e d  f o r  
microscopic 
examination., 



Iescr ip  t i o n  
O f  

3xp sr imen t 

Same as  
No. 7 3 .  

Manner 
of 

treatment 

In j ec t ion  
3f 10 cc 
spleen ex- 
t r a c t  sub- 
cu taneousl j  
i n to  abdomi 
nal sk in .  

In j ec t ion  
3f 10  cc 
spleen ex- 
t r a c t  i n t o  
the l e f t  
ext.  jug. 
vein e 

Time of day 

hr min sec  

8 :-.- am 
1 ~ 4 3 . -  Pm 

1 : 5 7  .- Pm 
1 : 5 7 . 4 5  pm 
2.-.25 pm 
2 :  3.55 pm 
2 :  7 .30  pm 
2 : 1 1 .  5 pm 
2 :15 .30  pm 
2 :22 .30  pm 
2:27 .50  pm 
2:35 .45  pm 
2:47 .30  pm 
2:50 .25  pm 
2:54 .15  pm 
2 :58 .10  pm 
3 :  3.10 pm 
3 :  8.30 pm 
3 : 1 4 .  5 pm 
3:20 .35  pm 
3 :29 .30  pm 
3 :39 .30  pm 
3:51 .45  pm 
3 : 5 7 .  5 pm 
4 :  4.10 pm 
4:1.8.10 pm 
4:20 .35  pm 
4:34 .30  pm 
4:47 .30  pm 
4:57 .30  pm 
5:11 .15  pm 
8 ;-.- P a  

Leukocyte 
count 

I n j  . 
4400 

I n j .  
4000 
5600 
7400 
9800 

10400 
11000 
13600 
15200 
14600 

8800 
7000 
7800 
8200 
7400 
7200 
4200 
5200 
4600 
4200 
2600 
3000 
3800 
5200 
5800 
7000 - 

17600 
10200 
14800 

Iar ve in  
25400 

Iar ve in  
10400 

General remarks 
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ESP. 
No. 

77 

Descript ion 
of 

experiment 

Intravenous 
during 
already e x i s  
ing hyper- 
leukocytosis  

Manner T i m e  of day Leukocyte General remarks 
of count 

t reatment  h r  min s e c  

October 5 

In j  e c t i o n  10 :-.- a m  
D f  8 cc 11 : 3 0 .- a m  
-spleen ex- 

l e f t  ex t  

d i t t o  

tract i n t o  2:45e- Pm 

jug. ve in  ,2:47--- Pm 

12 :48 .30  pm 

5,440000 
Eryth. 
I n j .  

Ear v e i n  
2800 

E a r  ve in  
23600 
17800 

8400 
I n j .  

I 
1 

! I I '  . 4 3 / 4  hours ,before  start,  of curve, intravenous . i n j e c t i o n  of 8 cc spleen 
I 

e x t r a c t .  A t  +, second i travenous injelction of spleen e x t r a c t ,  A t  
I I .  P -_ - 1  

I 1 i I ' I O ,  the  same a t h i r d  t i m e  
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ESP 0 

NO 0 

7 8  

I s sc r ip  t i o n  
of  

?xp er imen t 

Same as 
IJO. 77. 

Manner 
of 

treatment 

I n j e c t i o n  
Df 8 cc 
spleen ex- 
tract i n t o  
l e f t  e x t  . 
jug. vein.  

In j  ec t i o n  
3f 8 cc 
spleen ex- 
tract i n t o  
l e f t  ex t  e 
jug. v e i n  

Time of day 

hr  min sec 

! : 52 .20  pm 
! :55 .45  pm 
! : 58 .30  , pm 
3 :  2.- Pm 
3 :  6.20 pm 
i: 9.45 . pm 
i : 1 3 . 3 0  
3:18.- 
: 21.15 

3 :  25 e 30 

3 :27.55 
i : 45 .30  
1:55.30 

i :15.30 
i:32.- 
i :35.15 
i:38.- 
c :40.50 
i: 45.10 
i : 5 2 .  5 
c : 58.15 
i :12 .30  

i:15.- 

October 6 
-0 :-.- a m  

1 :-.- a m  

Leukocyte 
count 

9600 
8600 
78001 
8200 

11600 
12800 
16400 
17400 
19200 

i,800000 . 
eryth.  

22600 
26400 

E a r  v e i n  
38400 
30400 

29600 
26200 
23200! 
24200 
26400 
28200 
31200 

I n j  . 

34400 

E a r  v e i n  
24600 

Ear ve in  
8800 

I n j  

General remarks 

1 4 2 4  

Maximum decrease 
of leukocytes a f t e r  
second i n j e c t i o n  i s  
reached after 11 
min. Already a f t e r  
40 min. 55 sec . ,  the  
degree  of hyper- 
leukocytosis  e x i s t -  
a t  t he  t i m e  of t he  
second i n j e c t i o n  has 
again been reached. 

After  the  th i rd  
i n j e c t i o n  only low- 
grade  reduct ion of 
number of leukocytes.  
8 min. 50 sec. la ter ,  
a f t e r  40 min. 30 sec., 
the  number i s  back t o  
where i t  w a s  a t  t h e  
t i m e  of t he  th i rd  
in j ec t ion .  

The experiment shows 
exhaus t i o n  of t he  
depressive a c t i o n  
(ac t ion  on hypo- 
leukocytosis) of 
repeated i n j e c t i o n s  
during e x i s t i n g  
hyperleukocytosis. 

I n c i s i o n  i s  sewn up, 
animal q u i t e  w e l l .  
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79 

Des cr  i p  t i o n  
of 

experiment 

Same as 
No. 77. 

Manner 
of 

t reatment  

d i t t o  

I n  j ec t i on 
of 1 0  cc 
sp leen  ex- 
tract  sub- 
cutaneous1 
i n t o  ab- 
dominal 
s k i n  

I n j e c t i o n  
of 8 cc 
sp leen  ex- 
tract i n t o  
l e f t  ext. 
jug.  vein. 

Time of day 

h r  min sec 

12:45*- 

~ 1 6 . 4 0  
1:17.18 
1 :18.50 
1: 21.45 
1:24. 5 
1:26.50 
1:30. 5 
1:36.- 
1t39.40 
1: 44.35 
1:54.- 

2 :-e- 

October 13 
7:-*- pm -- 

October 1 4  
1:-.- Pm 

1:59.- Pm 
2:1, 24 pm 
2: 3.30 pm 
2: 6.- Pm 
2: 8.25 pm 
2:lL.lO pm 
2:14,10 pm 
2:17.15 pm 
2 ~ 2 1 . 1 5  pm 

Leukocyte 
count 

Ear v e i n  
19800 

12000 
9600 
8800 

10000 
12400 
15600 
19200 
20800 
22400 
23 600 

I n j  . 

24200 

In j  . 

E a r  vein 
27400 

I n j  
4800 
3200 
2200 
2800 
18001 
3000 
3800 
5400 

General remarks 

Animal reanesthe- 
t i z e d  and operated.  
Maximum of low- 
grade decrease of 
leukocytes following 
second i n j e c t i o n  is 
reached a f t e r  5 
minutes. Already 
a f t e r  ca. 30 min. 
i s  t h e  degree of 
hyperleukocy t o s i s  
reached which exis- 
ted  a t  t h e  t i m e  o f  
t h e  second i n j e c t i o n .  

The animal is  k i l l e d  
f o r  microscopic 
examination e 

1425 

After  s t rong hyper- 
leukocytosis  is 
achieved by subcu- 
taneous i n j e c t i o n ,  
another intravenous 
i n j e c t i o n  g r e a t l y  
decreases  number of 
leukocytes a 
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Esp 
No e 

80  

l e s c r i p t i o n  
of 

x p  er imen t 

iame as 
ioe 77. 

Manner 
of 

treatment 

I n j e c t i o n  
of 1 cc 
very con- 
cent ra  t ed 
squeous s u s  
pension of 
putrefying 
bacteria. 

I n j e c t i o n  
3f 8 cc 
spleen ex- 
tract  sub- 
:u taneously 
in to  abdom- 
i n a l  sk in .  

Lnj e c t i o n  
3f 8 cc ' 

spleen ex- 
t r a c t  i n t o  
l e f t  ex t  
jug. vein.  

T ime  of day 

h r  min s e c  

2 ~ 2 6 . 1 0  pm 
2 : 3 8 .  5 pm 
2 :46 .15  pm 
2 :56 .40  pm 
3 :  8.50 pm 
3:30 .25  pm 

4:-.- Pm 

4:20.24 pm 
4:31.- Pm 

October 28 
3 :-e- 

October 29 
5:15--- Pm 

5:21.25 pm 
5t22.35 pm 
5:21.30 pm 
5 ~ 2 7 ~ -  Pm 
5:30.55 pm 
5:33.35 pm 
5:37.30 pm 
5:43.35 pm 
5:48.15 pm 
5:54.-45 pm 
i : 5 9 . 4 0  pm 
p: 3.50 pm 

~ 1 0 . 2 5  pm 
' : 1 5 . 3 0  P pm 

Leukocyte 
count 

5800 
10600 
15800 ' 

16600 
20800 
31200 

I n j  e 

1800 
800! 

I n j  

Ear v e i n  
20800 

I n j  
7600 . 
5800 1 
6600 
7800 " 

10800 
14800 
14000 
156001 
10600 
11400 

9600 
9200 

10400 

General remarks 

Only a f t e r  1 h r .  
10 rnin., the  degree 
of hyperleukocytosis 
e x i s t i n g  a t  the  t i m e  
of the second in jec-  
t i o n  has been reached. 
An i n j e c t i o n  of pu- 
t r e f a c t i o n  b a c t e r i a  
produces an enormous 
hypoleukocytosis. 

The animal i s  k i l l e d  
f o r  microscopic 
examination. 

After hyperleukocytosis 
is  achieved by subcu- 
taneous i n j e c t i o n ,  an 
intravenous i n j e c t i o n  
leads t o  s t rong  and 
rapid decrease. This 
is  soon followed by 
increase  of leukocytes 
up t o  o r i g i n a l  amount 
of hyperleukocytosis,  
but then without f u r t h e r  
treatment a renewed drop 
and f i n a l l y  a g a i n . a n  
increase e 
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Lsp e 

No m 

. 81 

82 

68 

Descrip c ion  
O f  

experiment 

Same as 
No. 77.. 

Same as 
No. 77. 

Manner 
of 

treatment 

I n j e c t i o n  
of 1 0  cc 
sp leen  ex- 
t r ac t  sub- 
cutaneously 
i n t o  abdom- 
i n a l  skin.  

I n j e c t i o n  
of 8 cc 
sp leen  ex- 
t r ac t  i n t o  
left ext . 
jug.  vein. 

I n j e c t i o n  o 
8 cc sp leen  
extract  
subcu tan- 
eously i n t o  
abdomina 1 
s k i n  

T i m e  of day 

hr min sec 

6~22 .37  pm 
6:30.15 pm 
6:35.55 pm 

November 1 7  
1 :-e- Pm 

1:30e- Pm 
November 18 

1:49.- Pm 
1:49.30 pm 
1:51.10 pm 
1:53.25 pm 
1:56.50 pm 
2: 1.- Pm 
2:lO.- Pm 

2:54.- Pm 

2:21.9 pm 
2:33.10 pm 

3: 5.15 pm 
3:12. 2 pm 
3:17.20 pm 
3:23.10 pm 
3:31.29 pm 
3:44.30 pm 
3:54.15 pm 
4 :  7.- Pm 
4:26e- Pm 
4 : 4.0 .- Pm 

November 19 
LO : 30 *- a m  

October 20 
Pm 5 :--- 

Leukocyte 
count  

9800 
12000 
13600 

I n j .  

22400 

In j .  
15200 

7800 
5800 
5200! 
6600 
9800 

12000 
17200! 

8200 
2200! 
2800 
5400 
4800 
5800 
6200 . 
8000 
9400 

10200 
9800 

Ear vein 
23600 

E a r  vein 
10600 

I n j  

General remarks 

The animal d i e s .  

f 426 

Under t h e  same condi- 
t i o n s ,  the same 
pecul ia r  sequence of 
leukocytosis  takes  
place;  only the 
secondary decrease is 
s t i l l  s teeper .  



Descript ion 
of  

oxp er imen t 

j a m e  injec- 
:ion of an 
2xces s ive l y  
i igh  dose,  

Manner Time of day 

treatment hr  min sec 
of 

October 21 

2:30.- Pm 
[nj e c t i o n  2 : 54 30 pm 
3f 8 cc 2:56.10 pm 
spleen ex- 
t r a c t  i n t o  
Left ext.  , 

jug. vein , 

2:59.55 pm 

3:13.30 pm 
3:23.50 pm 

October 1 0  

13: 6.- Pm 

Cnjection ,1:38 .- Pm 
if  20 cc 1:39.- Pm 
spleen ex- 1:42.40 pm 
:ract i n t o  1:45.35 pm 
zxt. jug.  1:49.15 pm 
Jein 1:52.15 pm 

1:54'.45 pm 
1:57.55 pm 
2: 2.50 pm 
2: 7.25 pm 

2:16.40 pm 
2:25.35 pm 
2:34.45 pm 
2:47.30 pm 
3: 5.50 pm 

October 11 
J:30 Pm 

Leukocyte 
count 

d i t t o  
22600 
16800 

9400 
I n j .  

3000 
2400 
4600 

6800 

10600 
I n j  . 

8400 
2400! 
2800 
9800 

12200 
15800 
16400 
17800 

Ear vein 
22800 
18800 
17400 
17800 
18200 
19200 

Ear veig 
3800 

General remarks 

The r a b b i t  board w a s  
c a r e l e s s l y  overheated, 
temperature of t h e  
animal w a s  43" C; 
experimental animal 
suf fered  from very 
acu te  hea t  dyspnea 
and died from it. 

Strong decrease 
a f t e r  second 
in j ec t ion .  
A n i m a l  d i e s .  

Maximum hypoleuko- 
c y t o s i s  4 min 40 sec 
a f t e r  i n j e c t i o n ;  
a l ready  1 4  m i n  later 
more than t h e  o r ig i -  
nal  number; rap id  
increase 

1427 

A n i m a l  i s  sewn up, 
i s  w e l l .  
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Esp e 
KO @ 

8 4 .  

Descr ipt ion 
of 

experiment 

Same as 
No. 83. 

Curve f o  No. 83 

2 :  9.- 
2 : l l . -  
2:13.15 
2:15.40 
2 :18.15 
2:21.30 
2 : 24 e 50 
2 ~ 3 1 .  5 
2 : 43.50 
2 :55.15 
3 :  4.30 
3 :  5. 5 
3 :  7.35 
3:10.50 
3:16;- 
3 : 2 1  30 
3~27.30  
3~35.30 

General remarks 

I n j e c t i o n  
of 20 cc 
spleen 'ex- 
t ract  i n t o  
ex t .  jug., 
vein.  

I n  j ec t i o n  
of ca. 3 c c  
i n t o  same 
ve in  (some 
of i t  i n t o  
sur  rounding 
t i s sues )  e 

6200 
I n j  e 

2600 
1800! 
2000 
3200 
3800 
4200 
4400. 
5400 
5800 

4200 
5200 
5600 
6000 
7200 
820.0 
9600 

I n j  e 

A t ' ,  intravenous 
i n j e c t i o n  of 20 cc 
spleen e x t r a c t .  

During the  i n j e c t i o n ,  
a clamp above the  
s i t e  of i n j e c t i o n  
on the  jug.  ve in  
comes loose  causing 
considerable l o s s  
of blood which seem- 
ingly a f f e c t e d  the  
rapid appearance of 
hyper leukocytosis  e 
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Descript ion 
O f  

experiment 

Same as 
!To. 83. 

Same as 
Yo. 83 

[nj  e c t i o n  
If a l a r g e r  
i o s i s  fol low 
ing a smalle, 
me e 

Manner 
of 

treatment 

I n j e c t i o n  
of 6 cc ver  
concentrate 
suspension 
of pneumo- 
cocci e 

I n j e c t i o n  
3f 20 cc 
spleen ex- 
tract i n t o  
ext.  jug. 
vein. 

In jec t ion  
3f 20 cc 
spleen ex- 
tract i n t o  
Zxt. jug.  
fe in  

Cnjection 
If 1 cc 
spleen ex- 
:ract i n t o  
2xt. jug.  
7ein. 

T i m e  of day 

h r  min sec 

3:51.30 pm 
3:51.50 pm 
3:53.15 pm 

October 18 
.:59.45 pm 
!:-.20 pm 
?: 1.50 pm 
?: 5.45 pm 
?: 9.- Pm 
!:11.30 pm 
!:15.55 pm 
!:29.30 pm 
! :30.20 pm 
!:44.25 pm 
I: 1.50 pm 
I:22.37 pm 
1:45.44 pm 

!:22.- Pm 
!:24.25 pm 

October 30 
!:19.30 pm 
! :21.30 pm 
!:25.10 pm 
! :30 ;  5 pm 
2~34.55 pm 

Leulco cy te 
count 

I n j  . 
1600! 

10800 

7000 

1200 
1200 
1600 
lOOO! 
2400 
3800 
5200 
4800 
5800 
6400 
7200 
8800 

7400 
I n j  . 

2200! 

I n j  . 

E a r  v e i n  
9800 - 
6800 

I n j  e 

6400 
5200! 
5400 
7400 

General remarks 

1428 

Animal i s  k i l l e d  for 
microscopic 
examination. 

Excision of a l a r g e  
piece of a femoral 
vein f o r  f ix ing .  
A t  t h a t  t i m e ,  i n  
s p i t e  of g rea t  care ,  
r a the r  considerable 
blood l o s s  which 
probably caused the  
s l o w  increase  of 
leukocytes e 

Animal d i e s .  

Immediately a f t e r  
i n j  ec t i o n  the animal 
becomes extremely 
dyspnoic and d i e s  
s h o r t l y  t h e r e a f t e r  
s ince  t h e  i n j e c t i o n  
was executed too 
rapidly.  
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ESP e 

No. 

72  

Des c r  i p t i o  n 
of 

experiment 

Manner 
of  

t reatment  

I n j e c t i o n  
of 8 cc of 
same sub- 
s tance  in to  
same ve in  

I n j e c t i o n  
o f  very 
dense sus- 
pension of 
potato 
bacteria. 

Time of day 

h r  min sec 

2:41.- Pm 
2:41.30 pm 
2:42.55 pm 
2:44 .  5 pm 
2 ~ 4 5 . 5 0  pm 

2:50.30 pm 
2:54.10, pm 
2:57.30 pm 
3 :  4.30 pm 
3 :  9.35 pm 
3:20.35 pm 
3:35.45 pm 

3:45.- Pm 
3 :46 .- Pm 

2 : 4.9 .- Pm 

Curve f o r  No. 87 

Leukocyte 
count 

I n j  e 

8400 
7800 
6800 
7200 
6200! 
7000 

10200 
13400 
15800 
17 200 
22400! 
23200 

I n j  . 
6200 
3200! 

General remarks 

After  achieving a 
s l i g h t l y  decreas- 
ing and then 
increas ing  leuko- 
c y t o s i s  a f t e r  in- 
j e c t i o n  of 1 cc,  
a second l a r g e r  
i n j e c t i o n  given 
d i r e c t l y  should pro- 
duce a s t rong  decrease 
of leukocytes ,  bu t  
r e s u l t s  i n  only low- 
grade decrease 
(-8 min l a t e r ) ;  then 
r a t h e r  rapid inc rease  
( a f t e r  ca. 40 min 
more than t r i p l e ) .  
Animal i s  k i l l e d  f o r  
microscopic exami- 
nat ion.  

A t  O ,  intravenous 
i n j e c t i o n  of 1 cc 
spleen e x t r a c t ,  
A t  f ,  intravenous 
i n j e c t i o n  of 8 cc 
spleen e x t r a c t  



, 

I 

ESP (I 
No 0 

88 

89 

Desc r ip t ion  Manner 
of of 

experiment treatment 

Same as 
No. 87 I n j e c t i o n  

 of 1 cc 
spleen ex- 
tract  i n t o  

, jug.  vein.  

I n j e c t i o n  
of 8 cc 
spleen ex- 
t r a c t  i n t o  
ex t .  jug.  
vein.  

I n  j ec t i o n  
of s m a l l  
doses i n  
small t i m e  
i n t e r v a l s .  

I n j e c t i o n  
of 1 cc 
spleen ex- 
tract i n t o  
ex t .  jug.  
v e i n  
again 2 cc  

again 2 cc 

T i m e  of day 

h r  min s e c  

November 2 
2 :28 .10  pm 
2 :30 .15  pm 
2:34 .15  pm 
2 :38 .20  pm 
2:43.- Pm 
2 : 4 7 . 1 0 ]  pm 
2 :55 .45  pm 
2:56 .40  pm 
2:47 .50  pm 
3:-.20 pm 
3 :  1 .45  pm 
3 :  3.10 pm 
3 :  5.20 pm 
3 :  9.35 pm 
3 :12 .20  pm 
3 :20 .50  pm 
3:27 .40  pm 
3:34.- Pm 
3:51.- Pm 
4 :  5.- Pm 

November 8 
10 : 1 0  e- am 

November 3 
3:42.27 pm 
3:43.54 pm 
3:49.15 pm 
3:54.39 pm 
$:-.34 pm 

5: 6.45 pm 

5: 8.47 pm 
5: 9.50 pm 
5 :14 ;53  pm 
5:17 .42  pm 
5 ~ 2 2 . 5 0  pm 
$ :24 .10  pm 
$:26 .22  pm 

5: 7.- Pm 

Leukocyte 
count 

6800 

7400 
6200 
5800 
5000!  
5800 
I n j  . 

6400 
4200 
4400 
3800! 
5800 
7200 
8000 
8600 

10200 
12400 
13800 
15400 
17600 

I n j ,  * 

E a r  v e i n  
20800 

6600 
I n j .  

38001 
6200 
7200 .  
7400 

I n j  
7800 
6200 
54001 
3800 
4600 

6200 
7200 

I n j  e 

General remarks 

___ 

T e s t  r e s u l t s  same as 
i n  No. 87.  

Animal i s  sewn up, 
and is  w e l l .  

1 4 3 0  

The s m a l l  doses e f f e c t  
only a lowgrade de- 
crease of leukocytes.  
F ina l ly ,  an unpropor- 
t i o n a t e l y  high hyper- 
leukocytosis  
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I , c  

! 

General remarks 

The animal i s  sewn 
up and is w e l l .  

A t  ', intravenous 
i n j e c t i o n  of 1 cc  
spleen e x t r a c t .  
A t  +, intravenous 
i n j e c t i o n  of 2 cc 
spleen ex t r ac t .  
A t  O ,  intravenous 
i n j e c t i o n  of 2 cc 
spleen ex t r ac t .  
A t  '6 intravenous 
i n j e c t i o n  of 1/2 cc 
spleen ex t r ac t .  

I 

, 
f 

. .  
t 

1 
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l e sc r ip  t i o n  
of 

:xperiment 

Same a s  

No. 89. 

Elanner 
of 

treatment 

I n j e c t i o n  
of 1 cc 
spleen ex- 
t r a c t  i n t o  
ex t .  jug .  
vein.  

t he  same 

the same 
114 cc 

the same 
112 cc 

the  same 
0 .1  cc  

Time of day 

h r  min sec  

November 6 

3:43.10 pm 
3:44.15 pm 
3:48.10 pm 
3 ~ 5 2 . 5 0  pm 
3:57.50 pm 
$: 2.- Pm 
$:  3.20 pm 
$ :  7.301 pm 
$:10.30 pm 
$:14.50 pm 
$:20 .20 '  pm 
$:24.10 pm 
rC:28.50 pm 
$:34.30 pm 
$:42.30 pm 
i :47 .40  pm 
$:48.50 pm 
1:53.20 pm 
$:59.- Pm 
5 :  2.30 pm 
5 :  4.50 pm 
5 :  8.48 pm 
5:14.40 pm 
5:16.10 pm 
5:ZO. 5 pm 
5:29.35 pm 

November 7 
J:45.- am 

Leukocyte 
count 

5400 

6000 
5000 
4400 ! 
4800 

I n j .  
5400 
3800! 
4200 
6200 
6200 
7800 
7600 
8400 
8800 

I n j .  
9000 !  
8600! 
9400 

I n j  . 
10000 

9600 

10800 
11400 
11800 

I n j  . 

I n j  e 

Ear v e i n  
19800. 

General remarks 

/431 

Test  r e s u l t s  same a s  
i n  No.  89. 

Animal is sewn up 
and i s  w e l l ,  
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A t  * , intravenous i n j e c t i o n  of 1 cc spleen ex t r ac t .  

A t  + l ikewise.  A t  intravenous injectionmof 1 / 4  cc 

spleen ex t r ac t .  A t $  , intravenous i n j e c t i o n  of 1 / 2  cc , 

spleen e x t r a c t . ,  A t  

spleen ex t r ac t .  I 

intravenous i n j e c t i o n  of 0.1 cc 

I '  
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Summarizing t h e  r e s u l t s  of t h e  preceding experiments, w e  have found t h e  / 4 3 2  

following: 

When t h e  same substance is  i n j e c t e d  i n  about equal  doses a t  a time when - 
/ 

a f t e r  t he  f i r s t  intravenous i n j e c t i o n  - hypoleukocytosis i s  s t rong ly  developed, 

i t  is considerably lengthened i n  i ts  durat ion.  

gradual ly ,  much more slowly than a f t e r  a s i n g l e  i n j e c t i o n .  

is analogous when the  f i r s t  i n j e c t i o n  i s  given subcutaneously, and t h e  second 

is  given intravenously a t  t h e  t i m e  of hypoleukocytosis produced by t h e  f i r s t  

i n j e c t i o n  . 

The increase  takes  p lace  only 

The r e l a t ionsh ip  

Changing experimental condi t ions t o  giving t h e  second i n j e c t i o n  a f t e r  

reduction of leukocytes (due t o  the  f i r s t  i n j e c t i o n )  has passed i t s  peak and 

i s  ascending, a completely d i f f e r e n t  s i t u a t i o n  is encountered. A second hypo- 

leukocytosis  can hardly be  observed; leukocytosis  climbs cons tan t ly  and s teep-  

l y .  Eiowever, i f  t he  f i r s t  i n j e c t i o n  is given subcutaneously, then t h e  second 

a l s o  produces a rap id  inc rease ,  provided i t  is  appl ied  according t o  the  

aforementioned condi t ions.  However, i t  soon g ives  way t o  a secondary dec l ine ,  

which las t s  a s h o r t  while ,  u n t i l  f & a l l y  considerable  hyperleukocytosis sets 

i n  e 

Fina l ly ,  when t h e  second i n j e c t i o n  is  given during t h e  state of f u l l y  

developed hyperleukocytosis,  another hypoleukocytosis is  produced, bu t  

r e l a t i v e l y  f a r  less and of considerably s h o r t e r  dura t ion  than t h e  same doses 

as primary i n j e c t i o n .  Even when t h e  f i r s t  i n j e c t i o n  i s  given subcutaneously, 

t he  chronological development i s  similar,  except t h a t  t he  hypoleukocytosis i s  

more considerable  than i n  t h e  f i r s t  case and t h a t  a l s o  here  occasional ly  a 

secondary decrease appears. 

ins tead  of t h e  same substance contains  another  one - e.g. ,  suspension of 

pu t r e fac t ion  b a c t e r i a ,  as w a s  done i n  o t h e r  i nves t iga t ions  which need not  be 

discussed f ~ r t h e r ' ~ ) ,  very soon i t  produces hypoleukocytosis down t o  a few 

But when t h e  second o r  r a t h e r  t h e  t h i r d  i n j e c t i o n  

(3)Compare R. F. N i i l l e r >  on t h e  r eac t ion  of leukocytes  t o  i n j e c t i o n s  of 
bac te r i a .  Inaug. . .  D i s s . ,  Ber l in ,  1894. 
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thousand, even less than a thousand, i n  s p i t e  of extremely high hyperleuko- 

cy t os is  e 

I n  another  series of experiments, we i n j e c t e d  t h e  e n t i r e  amount of t h e  

substance previously d i s t r i b u t e d  over var ious  t i m e  per iods ,  ca. 20 cc, i .e.,  

2 t o  3 t i m e s  the  usual  dose intravenously a l l  a t  once. 

i n j e c t i o n  is a considerably s h o r t e r  dura t ion  of hypoleukocytosis than usual.  

Res t i t u t ion  sets i n  much more r ap id ly ,  and subsequent hyperleukocytosis in-  

creases extremely s t eep ly .  

The r e s u l t  of t h i s  

I f  t h e  p a r t i c u l a r  substance is  put i n t o  the  l i q u i d  mass i n  smaller amounts 

and the  same substance i n  t h e  usua l  dose is  i n j e c t e d  a f t e r  some t i m e ,  a re- 

markable d i f f e rence  is  seen i n  t h e  chronological sequence of events:  After 

t h e  second i n j e c t i o n ,  only a minor, quickly passing hypoleukocytosis occurs.  

The hyperleukocytosis,  however, is  a l l  t h e  more pronounced. 

F ina l ly ,  w e  examined what happens when s m a l l  doses of t h e  same substance 

are repeatedly i n j e c t e d  wi th in  s h o r t  t i m e  i n t e r v a l s .  

under these  experimental condi t ions,  i t  is  poss ib l e  t o  avoid the  state of 

hypoleukocytosis almost completely, whereas a f t e r  t h e  t h i r d  t o  four th  in- 

j e c t i o n ,  i n t ens ive  hyperleukocytosis gradual ly  sets i n .  

The r e s u l t  showed t h a t  

These are the  r e s u l t s  of t h e  experiments mentioned i n  t h e  last  chapter.  

I n  t h e  following, w e  w i l l  now attempt t o  deduce from these  a concept of t h e  

na tu re  underlying t h e  changes of leukocytosis .  

The Nature of Changes i n  Leukocytosis 

F i r s t ,  w e  wi'sh t o  present  our views on t h e  na tu re  of changes i n  leuko- 

cy tos i s  i n  order  t o  base them on our experiments. The views which w e  were 

l e d  t o  adopt on t h e  b a s i s  of our  experimental  r e s u l t s  are as follows: 

"Hypoleukocytosis depends on a process  which c o n s i s t s  of leukocytes - 
preferab ly  polynuclear ones -be ing  dr iven i n t o  t h e  c a p i l l a r i e s  and the  
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smallest blood vesse l s  of c e r t a i n  organs and he ld  there .  Destruct ion of 

w h i t e  blood corpuscles during t h i s  phenomenon i s  only of subordinate  s ign 

cance, i f  any a t  a l l .  Hyperleukocytosis i s  produced by a substance en te r ing  

the  lymphatic system causing an increased t r anspor t  of white  blood corpuscles 

i n t o  t h e  blood stream. Formation of leukocyt ic  elements i s  probably involved 

only t o  a s l i g h t  degree. 

of numerous elements from blood-producing organs - espec ia l ly  the  bone marrow, 

including enough polynuclear ones which are s to red  the re  f o r  ready release - - /434 
en ter ing  i n t o  the  blood stream as a consequence of t h e  p a r t i c u l a r  treatment.  

The two processes,  causing hypo- and hyperleukocytosis,  are the re fo re  i n  them- 

selves independent of one another.  

r a t h e r ,  t he  f i r s t  s t i l l  continues,  while t h e  second is  already formed, pro- 

ducing a leukocyte count which is  a c t u a l l y  t h e  r e s u l t  of t h e  i n t e r p l a y  of two 

opposing processes.  

wi th  one o r  t he  o ther ,  depending on the  p a r t i c u l a r  condi t ions.  

Hyperleukocytosis seems t o  be pr imar i ly  t h e  r e s u l t  

They are a l s o  not  mutually exc lus ive ;  

The same phenomenon w i l l  t he re fo re  arise i n  conformity 

This explanat%on, however, does not  inc lude  the  phenomena produced by 

cooling o r  shock. 

A s  f a r  as these  are concerned, w e  be l i eve  the  r e s u l t i n g  hypoleukocytosis 

i s  caused by t h e  tremendous f i l l i n g  of t h e  smallest vessels and c a p i l l a r i e s ,  

where a p a r t  of t he  leukocytes is gradual ly  re ta ined .  

r e f e r  t o  p .  415 f f .  - 

For t h e  rest, w e  
* 

The r e l a t i v e l y  lowgrade hypoleukocytosis later on, which follows a long 

t i m e  a f t e r  cooling i s  terminated, can perhaps b e  explained by t h e  l o c a l  

condi t ions of i r r i t a t i o n  as a consequence of leukocyte-accumulation i n  t h e  

c a p i l l a r i e s ,  as Lassar 1251 has  mentioned i n  h i s  experimental  work on colds.  

This may cause an increased export  of leukocytes from t h e  blood-forming organs. 
t 

Now l e t  us  examine what o the r  authors  say about t h e  na tu re  of leukocy- 

t o s i s .  Returning t o  Schulz' theory,  i t  becomes apparent from t h e  r e s u l t s  

presented i n  t h e  l a s t  chapter  and t h e  reasons already mentioned, how untenable 

t h i s  theory is. Schulz states t h a t  hypoleukocytosis is not  t h e  consequence of 

*Translator 's  note:  This  i s  English page 51, 
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l eukolys is .  This assumption, according t o  our inves t iga t ions ,  i s  indeed 

cor rec t .  The explanat ion,  however, which Schulz g ives  f o r  the  appearance of 

hypoleukocytosis i s  erroneous.  H e  be l i eves  t h a t  t h e  minori ty  of leukocytes 

found i n  t h e  pe r iphe ra l  vessels is compensated by a corresponding increase  i n  
the  c e n t r a l  vessels. This is  inadmissible .  I n  a p a r t  of t h e  c a p i l l a r y  

system leukocytes are accumulated i n  masses. Conversely, Schulz explains  

hyperleukocytosis by assuming hypoleukocytosis i n  t h e  central vessels, when 

the  pe r iphe ra l  ones are observed to  conta in  an inc rease  - t o  say nothing of 

an absolu te  increase  of whi te  blood corpuscles .  We have already shown t h a t  

t h i s  statement is re fu ted  by t h e  r e s u l t s  of the  experiments. Once more, w e  

po in t  out  t h a t  such an absolu te  inc rease  indubi tab ly  takes  p lace ,  and hypo- 

leukocytosis  cannot be  explained by t h e  l i b e r a t i o n  of t h e  leukocytes t h a t  are 

he ld  i n  t h e  c a p i l l a r i e s  during hypoleukocytosis. As our prepara t ions  c l e a r l y  

ind ica t e ,  we found a much s t ronger  accumulation of white  blood corpuscles i n  

t h e  c a p i l l a r i e s  during t h e  state of hyperleukocytosis ,  l i t e r a l l y  the  formation 

of thrombi which cons is ted  f i r s t  of leukocytes he ld  earlier, and second - 
of those newly introduced. 

/435 

Concerning Limbeck's theory,  i t  cannot be considered v a l i d ,  because v. 

Limbeck d id  not  take hypoleukocytosis i n t o  considerat ion.  The reason f o r  

t h i s  may be t h a t  h i s  f i r s t  count is  always 4-6 hours a f t e r  i n j e c t i o n .  Further- 

more, w e  cannot acknowledge t h e  connection between exudation and leukocytosis .  

Admittedly, hyperleukocytosis is  a by-product of t h e  former; however, i t  

occurs without exudation. Our experiments show t h a t  subcutaneous i n j e c t i o n s  

of organ e x t r a c t s  never produced a swel l ing,  nor  formation of exudate, and 

they s t i l l  produced a considerable  hyperleukocytosis.  

b i g h t  be  use fu l  i n  one respec t  - namely, t h a t  a f t e r  hypoleukocytosis due t o  

cooling, hyperleukocytosis follows. I f  t h e  accumulation of  white blood 

corpuscles i n  t h e  c a p i l l a r i e s  i s  considered a l o c a l  inflammation process  and 

later on they cause an increased export  o r  leukocytes from the  blood-producing 

organs,  i n  t h e  sense of v. Limbeck's theory one can assume t h a t  inflammation 

and hyperleukocytosis are connected. But i n  no way can one s ta te  t h a t  t h e  

former by i t s e l f  causes t h e  l a t te r ,  as is  s u f f i c i e n t l y  evidenced by our 

exaninat ions of t h e  s p e c i f i c  e f f e c t i v e  substance.  

Limbeck's theory , 
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Concerning Rgmer ' s theory,  an e s s e n t i a l  d i f f e rence  e x i s t s  between h i s  

and our assumptions concerning t h e  o r i g i n  of leukocytes during hyperleuko- 

cy tos i s .  

of white  blood corpuscles  touched off  by the  i n j e c t e d  substance - namely, 

exc lus ive ly  i n  venous blood. We s h a l l  no t  d i scuss  t h e  reasons i n  d e t a i l  wi th  

which Rgmer supports  h i s  theory,  s i n c e  w e  agree with L g w i t ' s  counter  evidence 

mentioned i n  t h e  p a r t i c u l a r  chapter  i n  h i s  book which w e  r e f e r  t o ,  and i n  

connection wi th  our examinations. 

&mer's experiment with t h e  amputated ear, following RiederOs 

similar experiments, as completely i r r e l e v a n t ,  and w e  must s ta te  t h a t  t he  

given d i f f e rence  i n  t h e  number of leukocytes  i n  t h e  ar ter ia l  and venous area 

does no t  exist. Obviously, depending on t h e  experimental  condi t ions,  t h e  

choice of t h e  i n j e c t i o n  s i te  and t h e  d i r e c t i o n  of t h e  i n j e c t i o n  wi th  regard 

t o  t h e  h e a r t  temporary v a r i a t i o n s  i n  t h e  number of whi te  blood corpuscles i n  

t h e  arteries and corresponding veins  w i l l  appear ( see  experiment 57). These 

d i f f e rences ,  however, are soon evened out.  We f i n d  hyperleukocytosis i n  t h e  

arteries, as w e l l  as i n  t h e  ve ins ,  even i f  only t o  a s l i g h t l y  lower degree 

i n  t h e  former. Therefore,  one cannot speak of hyperleukocytosis which takes  

place exc lus ive ly  i n  t h e  venous area. 

R g m e r  be l ieves  t h a t  t h e  increase  i s  caused by a d i r e c t  generat ion 

We only wish t o  emphasize t h a t  w e  consider  

and L g w i t ' s  

I436 - 

It is  assumed t o  be  brought about by a d i r e c t  formation of white  blood 

cells i n  t h e  blood. Together w i t h  L E w i t ,  w e  must deny t h i s  absolutely.  

microscopic examinations of t h e  processes  of regenerat ion of leukocytes 

during hyperleukocytosis,  as w e l l  as the  behavior of blood-producing organs,  

cannot be considered as concluded, y e t  w e  cannot ga in  any c lues  from them nor  

from those conducted by Rgmer t h a t  generat ion takes  p lace  i n  t h e  flowing blood. 

Our f indings agree wi th  L s w i t  t h a t ,  a f t e r  hypoleukocytosis mononuclear cells 

are found exc lus ive ly  and only a f t e r  hyperleukocytosis sets i n ,  do t h e  poly- 

nuc lear  ones gradual ly  outnumber t h e  o t h e r s  a 

LGwi t  d id  n o t  a t t a c h  enough importance t o  one f a c t ,  namely, t h a t  t h e  polynuclear 

leukocytes found during hyperleukocytosis are eos inophi l ic .  

be l i eve  t h a t  t hese  polynuclear cells d i d  no t  a l l  come from t h e  conversion of new- 

l y  introduced mononuclear ones i n t o  polynuclear cells, but  t h a t  i n  p a r t  o ld  leuk- 

ocytes  l y i n g  ready f o r  d i sposa l  i n  t h e  bone marrow enter t h e  c i r c u l a t i n g  

Our 

-. - .~ 

With regard t o  t h e  la t ter-  f a c t ,  

Therefore,  we  

- _ -  - ._ 
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blood as a consequence of t h e  chemical st imulus of t h e  in j ec t ion .  We w i l l  

speak about t h i s  chemical s t imulus i n  more d e t a i l  l a te r  on. Here w e  would 

only l i k e  t o  explain one more f inding;  t h e  formation of thrombi wi th  

leukocytes,  on which Ramer  founds h i s  theory,  o f t en  found i n  t h e  vessels a t  

var ious changes of leukocytes.  

masses, occasional ly  observed by us ,  as w e l l  as by Everard Demoor, and 

Massart, can b e s t  be  i n t e r p r e t e d  with ou r  f ind ings  by the  f a c t  t h a t  they 

are s ingu la r  thrombi, washed out  of t he  capillaries l i k e  those which were 

found i n  t h e  lung prepara t ions .  

an explanat ion of t h e  formation of a d d i t i o n a l  leukocytes found i n  hyperleuko- 

cy tos i s  e 

This adhesion of white  blood corpuscles i n  

&mer's hypothesis a f t e r  a l l  is r e j e c t e d  as /437 

Fina l ly ,  w e  come t o  L a w i t ' s  theory which he  s o  e labora te ly  worked ou t  and 

seems so  en t i c ing  being based on so  many experimental  r e s u l t s .  

t h e  v e r i f i c a t i o n  of more recent  works, l i k e  ours ,  i t  appears t h a t  hypoleuko- 

cy tos i s  precedes hyperleukocytosis,  seemingly subs t an t i a t ing  the  immediate 

connection between t h e  two phenomena which L E w i t  values  s o  highly.  

t o  L z w i t ,  t h i s  connection exists t o  t h e  ex ten t  t h a t  t h e  l a t te r  phenomenon 

could not e x i s t  a t  a l l  without the  former. 

Reinforced by 

According 

I n  a series of experiments, w e  have shown t h a t  under s p e c i a l  experimental  

modifications primary hyperleukocytosis can be produced. We w i l l  no t  go i n t o  

these  experiments now, b u t  s h a l l  examine t h e  reasons why L a w i t  ob jec t s  t o  t h e  

chemotactic viewpoint. 

the  process of leukocytosis .  

he  cannot expla in  why leukolys is  gives  r ise t o  such a high-grade release of 

leukocytes i n t o  the  blood, an overflow of immature cells from t h e  blood-forming 

organs. 

phenomena? The f i r s t  and main reason i s  t h a t  i n  h i s  conclusions h e  pays 

a t t e n t i o n  t o  t h e  decay of t h e  leukocytes,  which is supposed t o  be  i d e n t i c a l  

wi th  t h e  appearance of hypoleukocytosis by i n j e c t i o n .  We hope w e  have d is -  

cussed i n  s u f f i c i e n t  d e t a i l  t h e  reasons why t h i s  assumption is  erroneous. 

The main argument of L E w i t ' s  theory is  thereby el iminated : 

L a w i t  denies t h a t  chemotaxis has  any inf luences  on 

On t h e  o the r  hand, he expressly recognizes t h a t  

For what reasons does L a w i t  deny the  chemotactic in f luence  on these  

Hyperleukocytssis 

is  not  caused by decay. 

82 

Furthermore, L g w i t  argues aga ins t  chemotactic ' 



in f luences ,  s t a t i n g  t h a t  i t  i s  poss ib le  t o  produce hyperleukocytosis by 

cooling, shock, e tc . ,  which do not  contain chemically e f f e c t i v e  substances 

which, when introduced i n t o  t h e  blood, can act  upon the  blood-forming organs. 

The objec t ion  which L & i t  raises aga ins t  h i s  own reasoning - t h a t  hypoleuko- 

cy tos i s  preceding hyperleukocytosis and accompanying the  decay of white  

blood corpuscles ,  Horbaczewski's n u c l e i c  leukocytosis ,  might give rise t o  

hyperleukocytosis - is  a l s o  r e j ec t ed  by us. 

L E w i t :  

are he ld  back i n  c e r t a i n  p laces  of t h e  vascular  system, causing hypoleuko- 

cy tos i s .  Therewith, t h e  evidence aga ins t  chemotaxis used by L E w i t  i n  t h i s  / 4 3 8  

respec t  is  el iminated.  

once again where w e  were success fu l  i n  achieving hyperleukocytosis without 

preceding hypoleukocytosis , t h a t  i s ,  hyperleukocytosis ,  as demanded by L E w i t  , 
"which is i n i t i a t e d  by chemical a t t r a c t i o n  of whi te  blood corpuscles i n t o  t h e  

blood as a consequence of c e r t a i n  substances i n  t h e  blood serving as a lure ."  

And f o r  t h e  same reason as does 

There is  no d e t e r i o r a t i o n  a f t e r  cooling and shock, bu t  t he  leukocytes 

F ina l ly ,  w e  would l i k e  t o  po in t  o u t  t he  experiments 

I n  discussing t h e  var ious hypotheses on leukocytosis  and r e j e c t i n g  the  

reasons given by t h e  p a r t i c u l a r  authors ,  w e  have already mentioned those 

which support  t h e  condi t ions t h a t  allow hypo- and hyperleukocytosis.  Now 

w e  must add some d a t a  from our experimental  material and from t h e  l i t e r a t u r e  

i n  order  t o  support  our assumptions. 

Among t h e  papers on chemotaxis which touch upon our  area, t h e  work by 

P f e f f e r  [ 2 6 ]  has t o  b e  mentioned above a l l .  H i s  concept of p o s i t i v e  and 

negat ive chemotropism, e spec ia l ly  i n  regard t o  t h e  process  w e  are dea l ing  

with here ,  i s  of g r e a t e s t  importance. The pecu l i a r  e f f e c t  c e r t a i n  substances 

have on p l a n t  and animal cells, e luc ida ted  by the  s i g n i f i c a n t  work by P f e f f e r  

and S t a h l ,  w a s  shown f o r  leukocytes  a l s o .  

Massart and Bordet I281 , Pekelharing [29], Hcppe and Schol l  [ 3 0 ]  , v. Limbeck, 

Rieder,  Steinhaus [ 3 1 ] ,  Gabitschewsky 1321 S t a h l  and Stange, Ribbert ,  Hess 

[ 3 3 ] ,  and Lubarsch, Everard, Demoor and Massart, Bouchard [ 3 4 ] ,  Metchnikoff, 

Michelson, Botkin 1351, Emelianov, Hertwig [ 3 6 ]  and o the r s ,  the  importance 

of c e r t a i n  substances introduced i n t o  t h e  organism f o r  t he  leukocytes was 

pointed out .  

From var ious  s i d e s ,  Leber, [27] 

It w a s  shown t h a t  i t  was not  t h e  microorganisms o r  - as Werigo, 
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f o r  ins tance ,  maintained f o r  p a r t  of t h e  phenomena - only corpuscular 

elements which caused t h e  appearance of chemotaxis, but  t h a t  t h e  metabolic 

products of b a c t e r i a  can do t h i s  t o  a much g r e a t e r  degree. This property 

w a s  then claimed f o r  o the r  substances,  too. 

of sp leen ,  bone marrow and thymus gland had an e f f e c t  of leukocytosis .  

a c t u a l  phenomena produced by the  aforementioned e x t r a c t s  have already been 

discussed i n  d e t a i l ,  and e spec ia l ly  our  assumption of two processes  involved 

i n  these  a c t i v i t i e s  has  been proven. 

of these  substances on t h e  white  blood corpuscles ,  w e  wish t o  i n t e r p r e t  them 

along with Hertwig, such as t o  assume a c e r t a i n  threshold value.  Thereby, 

t h e  var ious phenomena which occur a f t e r  t h e  p a r t i c u l a r  i n j e c t i o n s  can be 

understood most e a s i l y  when i n  such g r e a t  va r i e ty .  

have t o  d i s t ingu i sh  t h e  following condi t ions:  

We bel ieved the  organ extracts 

The 

I n  t h e  attempt t o  c l a r i f y  t h e  inf luences  

Consequently, w e  would 

1. When a substance i s  introduced i n t o  the  organism i n  s m a l l  doses,  

e spec ia l ly  i n t o  t h e  blood stream, i t  w i l l  e x e r t  a s m a l l  r e j e c t i n g  e f f e c t  on 

t h e  leukocytes because of i t s  s m a l l  concentrat ion.  Repeating these  s m a l l  

doses i n  c e r t a i n  t i m e  i n t e r v a l s  b r ings  out  t h e  attractive force  more and more; 

every s i n g l e  i n j e c t i o n  has  a s t imu la t ing  e f f e c t  on t h e  blood-producing organs, 

and t h e  final. e f f e c t  is one of considerable  hyperleukocytosis (Experiment 89, 

90) 0 

2. When w e  i n j e c t  a moderately s t rong  dose ( f o r  our e x t r a c t s  6 t o  8 cc) 

a c a p i l l a r y  a t t r a c t i v e  e f f e c t  on t h e  leukocytes i s  produced; they are 

crowded i n t o  the  c a p i l l a r i e s  and he ld  there .  Gradually, t h e  s i t u a t i o n  i s  

reversed; t h e  p a r t i c u l a r  substance has  d i f fused  i n t o  t h e  l i q u i d  m a s 3  wi th  its 

high concentrat ion g rad ien t ;  i t  has  l o s t  its r e j e c t i n g  power so  t h a t  now it 

can s t imu la t e  the  blood-producing organs t o  release the  new elements and 

expel1 t h e  s to red  elements 

3. For a t h i r d  case, an excessively high dose i s  administered. 

Natura l ly  the  r e j e c t i n g  force  must be very high a t  f i r s t .  On the  o ther  hand, 

w e  have introduced i n t o  t h e  blood stream such a l a r g e  quant i ty  of substance 

t h a t  i t  should have an e f f e c t  on t h e  blood-producing organs wi th in  a s h o r t  
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t i m e .  F i r s t ,  of course,  t h e  newly produced c e l l s  are r e j ec t ed  and forced 

i n t o  the  c a p i l l a k i e s ,  b u t  soon t h e  e f f e c t  on t h e  organs forming t h e  blood 

cells i s  so  g rea t  t h a t  hyperleukocytosis sets i n  a r e l a t i v e l y  s h o r t  t i m e .  

We s t i l l  have t o  d iscuss  a series of s i d e  quest ions which r e s u l t  from t h e  

experiments of t h e  second t o  l a s t  chapter ,  e spec ia l ly  t h e  changes i n  t h e  

appearances when, during t h e  var ious s t ages  of t h e  phenomena caused by a 

s i n g l e  i n j e c t i o n ,  another i n j e c t i o n  i s  made. F i r s t ,  we  saw t h a t  hypo- 

leukocytosis  is  considerably prolonged when a second i n j e c t i o n  of equal  

s t r eng th  is  made a t  t h a t  t i m e .  The r e j e c t i v e  e f f e c t  of t h e  f i r s t  dose on 

t h e  leukocytes s t i l l  continues,  and a new dose adds new momentum t o  t h e  

r e j e c t i o n .  It is  re inforced  and prolonged, delaying t h e  process which 

at  tracts the  leukocytes more than usual .  

This cons idera t ion  l eads  d i r e c t l y  t o  t h e  i n t e r p r e t a t i o n  f o r  t h e  second / 4 4 0  

modif icat ion of our  experiments: when another  i n j e c t i o n  i s  given during 

increas ing  hyperleukocytosis -namely, at  a t i m e  when the  p o s i t i v e  chemotac- 

t i c  e f f e c t  is  i n ' f u l l  fo rce  - t h e  new i n j e c t i o n  h a l t s  i t  only s l i g h t l y ,  and 

a f t e r  a s h o r t  time i t  increases  i t  considerably.  

It is a l s o  e a s i l y  understood t h a t  a f t e r  a new i n j e c t i o n  given a f t e r  t h e  

s ta te  of hyperleukocytosis has  been present  f o r  some t i m e  and t h e  p o s i t i v e  

chemotactic fo rce  has  been spent  a l ready ,  hypoleukocytosis w i l l  once again 

occur. Nevertheless ,  t h e  t r end  toward hyperleukocytosis continues;  the  new 

i n j e c t i o n  can inf luence  and i n t e r r u p t  i t  only t o  a moderate degree. Already 

a f t e r  a r e l a t i v e l y  s h o r t  time span, t h e  number of leukocytes w i l l  once again 

inc rease  e 

The r e s u l t  of experiments 83, 86, i n  which w e  observed a high grade b u t  

b r i e f  hypo-, and later on, a very considerable  hyperleukocytosis,  a f t e r  

i n j e c t i n g  an excessively l a r g e  dose (20 cc a t  once) can probably only be 

i n t e r p r e t e d  t o  mean t h a t  he re  t h e  p o s i t i v e  chemotactic e f f e c t  sets i n  much 

more r ap id ly  than under normal condi t ions.  

t h e  e f f e c t  which holds  t h e  leukocytes  i n  t h e  c a p i l l a r i e s  must be  very 
F i r s t ,  because of t h e  high dose, 

. .  
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pronounced. 

d i f fused  i n t o  t h e  pulp,  and en tered  i n t o  the  lymphatic system, an even 

s t ronge r  a t t r a c t i o n  of t h e  white blood corpuscles away from the  organs which 

produce them w i l l  arise. 

A s  soon as t h i s  has  happened and t h e  i n j e c t e d  substance has  

Experiment; 87,  88 a l s o  speak very much i n  favor  of t h e  chemotactic 

concept. F i r s t  a s m a l l  dose w a s  i n j e c t e d ,  s o  t h a t  i t  would be  present  i n  

t h e  pulp i n  low concentrat ions when t h e  second usua l  dose of 8 cc w a s  given, 

because, based on t h e  known chemotactic p r i n c i p l e s ,  t h e  e f f e c t  of t he  second 

i n j e c t i o n  should b e  considerably influenced. The r e s u l t  showed t h e  cor rec t -  

ness  of our  assumption: a f t e r  t h e  second i n j e c t i o n ,  t he re  w a s  only a s l i g h t  

reduct ion i n  t h e  number of leukocytes which w a s  followed by a cont inua l  

s t rong  increase ,  

Most remarkable were t h e  las t  test r e s u l t s ;  they c l e a r l y  oppose L G w i t ' s  

concept of t h e  na tu re  of leukocytes;  on t h e  o the r  hand, they represent  an 

important argument f o r  concept. Experiments 89, 90 showed tha t  with 

c e r t a i n  modif icat ions of t h e  experiment, i t  is poss ib l e  indeed t o  avoid 

completely hypoleukocytosis which, a f t e r  i n j e c t i o n s ,  usua l ly  precedes hyper- 

~ leukocytosis  and t o  produce t h e  l a t te r  pr imari ly .  With these  r e s u l t s  L c w i t ' s  /441 
l a w  s t i p u l a t i n g  t h e r e  i s  a d e f i n i t e  connection between hypo- and hyperleuko- 

cy tos i s  t he  la t ter  being impossible without t h e  former, has  been sever ly  

shaken. According t o  t h e  p r inc ip l e s  developed above, i t  i s  clear t h a t  t h e  

s m a l l  amounts o f  i n j e c t e d  substance each by i t s e l f  i s  not  ab le  t o  exert 

an ene rge t i c  e f f e c t  upon t h e  leukocytes,  and i s  a l ready  d i s t r i b u t e d  i n  t h e  

pulp be fo re  i t  could cause s t rong  r e t e n t i o n  of leukocytes i n  t h e  capillaries, 

Af te r  w e  repeatedly i n j e c t  t hese  s m a l l  doses i n  c e r t a i n  time i n t e r v a l s ,  t h e  

pulp a f t e r  a s h o r t  t i m e  contains  such a quant i ty  of a c e r t a i n  substance t h a t  

t h e  p o s i t i v e  chemotactic process f a r  outweighs the  negat ive one which, due t o  

t h e  small doses) remained small, The balance maintained f o r  some t i m e  is 

now upset  i n  favor  of t h e  f i r s t  p rocessI  and w e  claim t h a t  t h i s  i s  evidence 

of hyperleukocytosis,  

86 



W e  stress seve ra l  o the r  po in t s  from our  test r e s u l t s ,  f o r  i n s t ance ,  

experiment 36-38 with  nuc le i c  acid.  

than these  r e s u l t s .  

use nuc le i c  ac id  as a substance f o r  i n j e c t i o n ,  because it had proven t o  b e  

too poisonous. 

p repara t ion  and found t h e  following: 

Nothing can s u b s t a n t i a t e  our view b e t t e r  

L g w i t  a l ready i n  h i s  book po in t s  out t h a t  he  d id  not  

Through t h e  kindness of Professor  Kossel, we received a pure 

To a dose of 0.2 t h e  experimental  animal reac ted  s i m i l a r l y  as t o  normal 

substances f o r  i n j e c t i o n ;  t o  a double dose -wi th  hyperleukocytosis which 

set i n  only a f t e r  28 hours, and t o  2-1/2 t i m e s  t he  dose - with a reduct ion 

26-1/2 hours a f t e r  t h e  i n j e c t i o n ,  bu t  a low-grade hyperleukocytosis only 

a f t e r  70 hours.  This c l e a r l y  po in t s  t o  two processes  involved i n  t h e  

appearance of leukocytos is ,  a nega t ive  one and a p o s i t i v e  one. 

dose of nuc le i c  ac id ,  t h e  l a t t e r  predominates; a f t e r  2-1/2 t i m e s  t h e  dose, 

t h e  former predominates f o r  days. 

Af te r  a s m a l l  

This br ings  us t o  t h e  processes which take  place when leukocytosis  

changes are observed i n  c l i n i c a l  cases and about which w e  would l i k e  t o  say  

a few words. We s h a l l  completely ignore t h e  quest ion of immunity i n  which 

t h e  leukocytes ,  according t o  some researchers ,  p lay  such an important p a r t  

due t o  t h e i r  phagocytic p rope r t i e s .  Rela t ive  t o  phagocytosis,  w e  would l i k e  

t o  po in t  ou t  one thing,  which can b e  decided upon now. 

products are not  t he  only substances which produce hypo- and hyperleukocytosis,  

b u t ,  as w e  s a w ,  a whole series of o the r  substances.  What r e l a t ionsh ip  t h e  

leukocytes  have t o  t h e  b a c t e r i a  is s t i l l  an unsolved puzzle.  

ties are conceivable: 

Bacteria and metabolic /442 

Four p o s s i b i l i -  

1. According t o  Metchnikoff and h i s  pup i l s ,  they only play t h e  p a r t  of 

phagocytes. A s  soon as an animal organism is, a t tacked  by b a c t e r i a ,  they f a l l  

on them as d e s t r u c t i v e  agents .  I f  they are v ic to r ious  i n  t h i s  b a t t l e ,  i f  

they dominate t h e  b a c t e r i a ,  then t h e  organism recovers.  I f  no t ,  t h e  b a c t e r i a  

ga in  the  upper hand, and t h e  invaded body succumbs, 
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2. The leukocytes could only have t h e  funct ion of " t ransporters" .  

This is Wyssokowitsch's opinion. 

are only designed t o  b r ing  t h e  b a c t e r i a  t o  the  endo the l i a l  cells, bu t  t h e  

act of devouring i s  exc lus ive ly  t h e i r  funct ion.  

H e  th inks  t h a t  t he  white  blood corpuscles  

3.  Hess aksumes a t h i r d  p o s s i b i l i t y ;  t he  leukocytes possess both 

a b i l i t i e s :  t ranspor t ing  and devouring. 

4 .  I n  con t r a s t  t o  t h e  above th ree  views, the re  is a fou r th  one which 

has many fol lowers  -namely, t h a t  the leukocytes are not  s i g n i f i c a n t  a t  all 
i n  t h e  f i g h t  with b a c t e r i a ,  and t h a t  the symptoms observed i n  i n f e c t i o u s  

d iseases  of leukocytosis  changes are j u s t  i n c i d e n t a l  a 

For t h e  t i m e  being, w e  confine ourselves  t o  charac te r iz ing  the  four  

p o s s i b i l i t i e s  a t  t h i s  t i m e ,  which could be poss ib l e  i n  regard t o  t h e  behavior  

o r  leukocytes toward bac te r i a .  We s h a l l  now go on t o  the  c l i n i c a l  cases.  

Here a l s o  w e  have t o  s tar t  with a q u a l i f i c a t i o n  which w e  cannot emphasize 

enough. As f a r  as t h e  change of leukocytosis  i n  man is  concerned, our  

conclusions cannot be caut ious  enough. I n  t h e  previous chapters ,  we have 

shown how many d i f f e r e n t  f a c t o r s  can change t h e  number of leukocytes,  and 

s i n c e  w e  n a t u r a l l y  cannot take blood from man, e spec ia l ly  when h e  is  s i c k ,  

as o f t en  as from an experimental animal, and also s ince ' t he  process of t h e  

s ickness  extends over days and weeks, considerable  ciifferences i n  leukocytosis  

can e a s i l y  escape de tec t ion .  

s a f e  judgement on t h e  genera l  leukocytosis  condi t ion i n  most d i seases ,  

because of t he  l a r g e  number of blood counts which have been performed i n  t h e  

var ious c l i n i c s  during t h e  course of recent  years .  Today w e  know t h a t  most 

i n f e c t i o u s  d iseases ,  e spec ia l ly  f e b r i l e  ones, go hand i n  hand with more o r  

less high hyperl,eukocytosis, except abdominal typhus, malaria and i n  t h e  

majori ty  of case's the  nonlocal ized puerpural s e p s i s  (pure sept icemia) .  I n  

the  d i seases  l as t  mentioned, t he re  i s  f requent ly  hypoleukocytosis,  i n  c o n t r a s t  

t o  t h e  f i r s t  mentioned. But t h i s  is  t h e  case a l s o  i n  t h e  remaining i n f e c t i o u s  

d iseases  when they are terminal .  

n a t e  a f t e r  a few days,  t h e r e  is  no inc rease  d e t e c t a b l e  during their course;  
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I n  p a r t i c u l a r l y  se r ious  cases which termi- 



however, t h e r e  i s  a s teady  decrease of white  blood corpuscles,  

i s  now: can these  c l i n i c a l  f ind ings  of changes i n  leukocytosis  be made t o  

agree with our  a r t i f i c i a l  ones, is our concept of t h e  presence of two pro- 

cesses and f u r t h e r  hypotheses about chemotactic in f luences  on t h e  whi te  

blood corpuscles  j u s t i f i a b l e ?  

a f f i rmat ive ly .  

The ques t ion  

We th ink  w e  can answer these  quest ions 

F i r s t ,  l e t  us loyk a t  hyperleukocytosis i n  i n j e c t i o u s  d i seases ,  Rieder 's  

"inflammable leukocytosis".  

chemotactic in f luences ,  and share  our opinion. 

and be l i eves  a l s o  t h a t  t h e  hyperleukocytosis found h e r e  is  preceded by 

leukolys is ,  only i t  has  not  been detected.  

b e  hypoleukocytosis i n  t h e  beginning of t h e  i l l n e s s  i n  s i n g l e  cases ,  and 

would be  de tec ted  i f  a count were made a t  t h e  r i g h t  time. 

reduct ion of white  blood corpuscles ,  however, is not  a requirement f o r  hypo- 

leukocytosis .  

experimental r e s u l t s  f o r  t h e  o r i g i n  of leukocytosis  i n  most i l l n e s s e s .  Even 

i f  b a c t e r i a l  invasion i s  more o r  less acute ,  i t  probably s t i l l  is  no t  a sudden 

inc rease  i n  l a r g e  q u a n t i t i e s .  Rather t h e  na tu re  of t h e  i n f e c t i o n  i s  probably 

t h e  mul t ip l i ca t ion  of germs i n  t h e  body, and over a long period of t i m e  small 

H e  and v. Limbeck a t t r i b u t e  t o  i t  t h e  same 

L g w i t ,  however, d i sputes  i t ,  

We admit t h a t  indeed t h e r e  may 

The primary 

On t h e  cont ra ry ,  w e  b e l i e v e  t o  have found a c lue  from our 

q u a n t i t i e s  of t h e  p a r t i c u l a r  b a c t e r i a  cont inua l ly  g e t  i n t o  t h e  l i q u i d  mass, 

similar t o  our  experiments 90, 91 ,  where w e  a l s o  by repeated in t roduct ion  of 

s m a l l  doses w e r e  ab l e  t o  produce a d i r e c t l y  increas ing  hyperleukocytosis.  

When the  b a c t e r i a  and their metabolic products are destroyed, and w e  d i s regard  

t h e  fo rce  which accomplishes t h i s ,  then t h e r e  is  no more reason f o r  f u r t h e r  

a t t r a c t i o n  of blood cells from t h e  organs which produce them. 

14 44 But t h e  s i t u a t i o n  is  completely d i f f e r e n t  f o r  leukocytosis  when t h e  - 
i n f e c t i o n  is severe from the start, o r  becomes abrupt and leads  t o  death.  In 

both  cases one f i n d s  a d i s t i n c e  reduct ion of white  blood cells as is known from 

counts made i n  t h e  h o s p i t a l s ,  bu t  f o r  hypoleukocytosis - almost never. This ,  

however, i s  no t  teue when pus formation is involved. 
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Thus, w e  s a w  i n  s e v e r a l  experiments t h a t  an animal which had received 

s t rong ly  concentrated b a c t e r i a l  poison o r  was in toxica ted  with nuc le i c  ac id  

would d i e  i n  a state of hypoleukocytosis. This phenomenon can be explained 

by t h e  chemotactic theory.  

t h e  white  blood corpuscles ,  bu t  repels them a f t e r  a c e r t a i n  concentrat ion,  

o r  a l s o  i t  may paralyze t h e  movement and p r o l i f e r a t i o n .  

I n  s u f f i c i e n t  d i l u t i o n  t h e  material attracts 

There is  much t o  be s a i d  f o r  t he  la t ter  assumption, 

While one usua l ly  f i n d s  hypoleukocytosis i n  pure septecemic Seps is  

pue rpe ra l i s ,  t h e  white blood corpuscles are almost always increased as soon 

as purulent  l o c a l i z a t i o n  sets i n ,  e.g., p e r i t o n i t i s  o r  para  metritis. 

Probably t h e  absence of hyperleukocytosis and suppuration i s  due t o  a common 

reason which is t h e  damaging inf luence  on p r o l i f e r a t i o n  and locomotion of t h e  

leukocytes e 

We do not  want o t  extend this d iscuss ion  t o  a l l  t he  o the r  forms of 

hyperleukocytosis which Rieder mentions i n  h i s  book: such as cachec t ic ,  

praeogonal, hemorrhagic and physiological ;  d iges t ive ,  i n f a n t ,  pregnancy 

hyperleukocytosis.  For a l l  these  forms, one could assume, as w e  mentioned 

f o r  t h e  inflammable case, t h e  presence of e i t h e r  both processes ,  o r  of one 

alone. 

o t h e r  f a c t o r s  which could exert s p e c i a l  in f luences  on t h e  change of leuko- 

cy tos i s ;  t h i s  is  e s p e c i a l l y  t r u e  f o r  praeogonal hyperleukocytosis which is  

d i f f i c u l t  t o  explain.  

when w e  know more about t h e  na tu re  of chemotaxis and when,furthermore, t h e  

b i o l o g i c a l  puzzles which at  t h i s  t i m e  s t i l l  e x i s t  concerning t h e  o r i g i n ,  

l i f e  and death of t h e  white  blood c e l l s  are solved. *There i s  only one more 

quest ion w e  would l i k e  t o  b r i e f l y  touch upon, because our  f ind ings  con- 

t r a d i c t  those of another  author  and show once more how ca re fu l ly  one has  t o  

consider  changes i n  leukocytosis ,  because too few counts can e a s i l y  l ead  t o  

inco r rec t  conclusions. Winterni tz  [37] states t h a t  hyperleukocytosis can be  

produced by cool  ba ths  

f i r s t ,  t h e  immediate e f f e c t  i s  hypoleukocytosis; only a f t e r  t h a t  does 

On t h e  o the r  hand, w e  do not  contend t h a t  t h e r e  could not  a l s o  be  

These quest ions w i l l  only be answered with c e r t a i n t y  

This statement  r equ i r e s  considerable q u a l i f i c a t i o n s  : 
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hyperleukocytosis occur. F i r s t  of a l l ,  w e  t e s t e d  these  processes on experi-  

mental animals and reported the  r e s u l t s  i n  Chapter 11, Furthermore, w e  were 

ab le  t o  make observat ions on a c l i n i c a l  case. 

t h e  hyperleukocytosis which ex i s t ed  otherwise dropped considerably,  and only 

a f t e r  s eve ra l  hours d id  i t  rise again t o  its f u l l  ex t en t  and above. 

Immediately a f t e r  a cool  ba th ,  

'Winternitz experiments which, by t h e  way, Grawitz [ 381 has a l ready  

c r i t i c i z e d ,  cause us t o  remark i n  genera l  t h a t  hyperleukocytosis may i n  some 

cases only seem so ,  b u t  is a c t u a l l y  caused by a thickening of t h e  blood. To 

a n t i c i p a t e  t h e  objec t ions  t o  t h i s ,  w e  counted i n  many experiments t h e  erythro-  

cy tes ,  and using t h e i r  normal value,  e s t ab l i shed  t h a t  i n  our cases w e  were n o t  

deal ing with thickened blood. 

* 

Fina l ly ,  w e  would l i k e  t o  give a few words on t h e  i n j e c t i o n  of organ 

extracts which w e  have used i n  l a r g e  q u a n t i t i e s  f o r  var ious i l l n e s s e s  during 

t h e  las t  year  at t h e  C l i n i c  f o r  I n t e r n a l  Medicine. 

t o  t h i s  t r e a t m e n t ' w i l l  no t  be  discussed f u r t h e r  a t  t h i s  point .  Recently w e  

have expressed our views i n  t h e  "Verein f < r  innere  Medizin", and, t he re fo re ,  

can refer t o  t h e  p a r t i c u l a r  proceedings. 

The va lue  w e  a t t r i b u t e  

It should only b e  mentioned he re ,  relative t o  the  area of leukocytosis  

discussed he re ,  t h a t  w e  were ab le  t o  produce t h e  same e f f e c t s  of hypo- and 

hyperleukocytosis i n  man as i n  experimental  animals by subcutaneous i n j e c t i o n  

of organ e x t r a c t s  from sp leen ,  bone marrow, thymus gland. 

the  prepara t ions  t h a t  were found i n e f f e c t i v e  i n  animals l i k e  pancreas,  kidney, 

thyro id ,  l iver  extracts a l s o  had no in f luence  i n  man on leukocytosis .  More- 

over,  i t  is of s p e c i a l  i n t e r e s t  t o  n o t e  t h a t  f e b r i l e  p a t i e n t s  who received t h e  

i n j e c t i o n s  usua l ly  reac ted  with temperature va r i a t ions .  Thus, t h e  p a t i e n t s  

wi th  lung tuberculos is  reac ted  q u i t e  s i m i l a r  t o  treatment with tubercul in .  

Local r eac t ions  i n  t h e  case of lupus and tuberculos is  of t h e  t h r o a t  were not  

observed. 

i n j e c t i o n  i n  i n f e c t i o u s  d i seases ,  typhus and pure sept icemic s e p s i s  puerpera- 

lis - up till now w e  d id  not  have t h e  opportuni ty  t o  observe a case of malaria. 

On the o the r  hand; 

S imi la r ly ,  w e  d i d  not  succeed i n  producing hyperleukocytosis by 



For the  t i m e  being, w e  s h a l l  no t  answer the  ques t ion  as t o  what p a r t  is  / 4 4 6  

played by changes i n  leukocytosis  produced a r t i f i c i a l l y  by i n j e c t i o n .  Our 

experiments are not  s u f f i c i e n t  t o  reach a d e f i n i t e  conclusion a t  t h i s  t i m e ;  

wi th  t h e  s e l e c t i o n  of c l i n i c a l  cases  f o r  t h e  i n j e c t i o n s ,  w e  w e r e  very caut ious.  

Even though t h e  i n j e c t i o n s  which were made under a s e p t i c  precaut ions and wi th  

material t h a t  w a s  r e a l l y  steri le i n  genera l  had no damaging inf luence ,  i t  

would never the less  be  conceivable t o  produce hypoleukocytosis by i n j e c t i o n ,  

i .e.,  an enormous accumulation of leukocytes  i n  t h e  lung c a p i l l a r i e s .  

more, t he  temporarily a l t e r e d  c l o t t i n g  a b i l i t y  of t h e  blood is  t o  b e  taken 

i n t o  account. 

Further- 

With t h e  extract of organs s o  f requent ly  used now f o r  t reatments ,  these  
. ___ 

circumstances should no t  be disregarded. 
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